
Official Publication of the 
National Aeronautics, and 
Space Administration 
January 1994 Vol.18 No.1 


Transferring Engineering 
Technology to Over 200,000 
Qualified Readers Throughout 
Industry and Government 





r r \ 4J 

— 'Ty ~ 

Kit t 

t y JBTj 



Building 

Permit 



Introducing LabWindows/CVI 
for Windows and Sun 


C onstructing an instrumentation system? Whether 
it’s data acquisition, process monitoring, or auto- 
mated test, you'll have to integrate your system 
hardware and software, on time and under budget. 
Welcome to LabWindows/CVI - the software tools to take 
your system from blueprint to reality. 


ware architecture. You can integrate external DLLs, 
object modules, or libraries into your LabWindows/CVI 
programs. Or, use the DDE or TCP/IP libraries to 
communicate with other applications and computers. 
And, you can run all of your programs created with 
LabWindows for DOS. 


Industry-Standard Foundation 

LabWindows/CVI is based on industry standards - so it's 
flexible enough for any job. Program in C. Run under 
Windows or UNIX. Acquire data and control your 
instruments using the standard NI-488.2 ", NI-VXT", and 
NI-DAQ® driver software. Simplify instrument control 
with the 300+ drivers in the growing LabWindows GPIB, 
VXI, and RS-232 instrument libraries. 


Interactive Programming Tools 

LabWindows/CVI combines the productivity of inter- 
active code generation with the speed and flexibility of 
ANSI C programming. Whether you are a casual 
developer or a professional software engineer, you'll 
assemble instrumentation systems faster, easier, and 
more effectively with LabWindows/CVI. 

Call now for a 
FREE brochure! 

(800) 433-3488 

(U.5. and Canada) 


Open Software Architecture 
LabWindows/CVI is built on an open soft- 
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Three views of bending forces on a magnetic levitation train guideway. Analysis was one part of an 
80th -order differential equation modeled with MATLAB. Data courtesy of Grumman Corp. 

Add it all up - 
nothing else equals 
MAILAB' for 
technical computing. 


w 

T T hen you need to solve tough 
technical problems, math is only 
part of the equation. 

MATLAB gives you math and more. 
It’s a complete, extensible technical 
computing environment that provides 
computation, visualization, and 
application-specific toolboxes. 



Visualization of a spherical harmonic function, 
created with the new Symbolic Math Toolbox. 


High-performance numeric 
computation. 

MATLAB puts over 500 math, sci- 
entific, and engineering functions 
at your fingertips, all designed to 
deliver high-performance numeric 
computation to your desktop. With 
MATLAB, you can quickly and easi- 
ly crunch huge data sets and evalu- 
ate complex models. 

Stunning 3-D graphics to 
sharpen your insight. 

MATLAB's advanced 3-D visualiza- 
tion tools have no peer. They're 
interactive and tightly coupled to the 
math functions, so you can freely 
analyze, transform, and visualize — 
and immediately get to the essence 
of your data and computations. 


A simple, powerful, open 
programming language. 

MATLAB is the natural language to 
express technical concepts, design 
algorithms, and prototype solutions. 
An elegant language, rich with built- 
in functionality, MATLAB enables 
you to develop technical applica- 
tions in a fraction of the time it 
takes with Fortran, Basic or C. 

Powerful GUI tools let you build 
intuitive, interactive displays, com- 
plete with sound and animation. 

With MATLAB's open approach, 
you can inspect source code and 
algorithms, change existing func- 
tions, or create your own. You can 
also link MATLAB with your C or 
Fortran programs, exchange data 
with other applications, and share 
work across systems. 



Enhancement of a cell micrograph using density 
slicing with the new Image Processing Toolbox. 


Leading-edge toolboxes 
give you a bead start. 

MATLAB Toolboxes are the prod- 
uct of world-class research in engi- 
neering and science. Easily com- 
bined and customized, toolboxes 
provide comprehensive collections 
of MATLAB functions for special- 
ized application areas. The 
MATLAB toolbox family includes: 

• Signal Processing 

• System Identification 

• Nonlinear Optimization 

• Neural Networks 

• Spline Analysis 

• Control System Design 

• Robust Control Design 

• p-Analysis and Synthesis 


New MATLAB 
Toolboxes 

Symbolic Math Toolbox 

• high-performance symbolic 
algebra and calculus 

• equation solving and 
simplification 

• variable precision arithmetic 

• includes Maple V® kernel 

Image Processing Toolbox 

• advanced filter design and 
filtering techniques for images 
and 2-dimensional signals 

• color and morphological 
operations 

• 2-D transforms 

• image analysis, enhancement, 
and restoration 

Statistics Toolbox 

• interactive data analysis and 
graphics 

• descriptive statistics 

• regression analysis 

• probability modeling and 
random number generation 


Your choice of platforms. 

MATLAB provides cross-platform 
interoperability across PC, Mac, 
workstation, minicomputer, and 
supercomputer platforms. 

The Ultimate Technical 
Computing Environment ™. 

To learn how MATLAB accelerates 
the pace of discovery and develop- 
ment, call today and ask for your 
technical brochure: 

508/653-1415 
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i These are 

smart ^parts— sensors that know 
electronically which way is up— or down 
or too close for comfort. All without 
direct contact. 

Eaton makes a broad range of 
sensors (fiber optic, mechanical, 
photoelectric, pressure, proximity and 
temperature). They help keep your 
machines, processes and systems J 
under control. W 

At Eaton, we’re part of your 
team. Solving today’s problems. 
Anticipating tomorrow’s needs. 

We do more than make 
parts. 


NYSE: ETN 


We manufacture solutions 



Yes, 

you can doWindows 

and walls and doors and 

floors, ceilings, whol 



9*’s, trains, boats, 

’s, diamond rings, 

s, power jpnts, topo maps, 



’s, helicopters, roads^ 
and bridges^circuit boards<aC3^s 

power lines, Jgi l m r’s, airports, furniture, L 

digital terrain models, skateboards, the 1. 

chemical plants, * ’s, golf < 


courses, 


anything you can think of ... even the kitche 



^■MicroStation 

(Wforthe^Os 


MicroStation. 

CAD software for Windows 
and Windows NT 

Open yourself to a world of design possibili- 
ties with MicroStation CAD software. From 2D 
drafting to advanced 3D surface modeling. 
MicroStation Version 5 is the ultimate design 
tool for the Windows environment. And the 
most complete, with photorealistic rendering 
and animation. All in one package! 

Join die many designers who have made 
die move to the CAD tool for the '90s. 

Call 800-345-4856 for a free demo 
disk and brochure on MicroStation. 
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An Engineer’s Spreadsheet 
Under Windows? 

WOW! 



DADISP/WIN 


I ill- I alii Help 

DADiSP Worksheet 
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DADiSP combines more than 500 functions for displaying and 
analyzing your type of data with the power and flexibility of a 
spreadsheet. Construct sophisticated data analysis in windows, 
in seconds, at a new level of price/performance. 

Now Data Analysis is as 
easy as pushing a button. 

No more fumbling with business software. And no need to 
learn a new programming language. Just point and click 
and DADiSP displays your results immediately. Load 
a new data series, matrix, signal or image, and all 
cells update automatically. 


Extended features tackle your 
toughest Data Analysis problems. 

With DADiSP, you can build an endless number of new work- 
sheets and even your own custom menus. And DADiSP/DDE 
let's you run external software — IEEE 488 drivers, data 
acquisition software, even your own analysis programs. 

Call today: 1-800-777-5151 

for your Free DADiSP Trial Kit. DADiSP is available for SUN, 
HP, IBM, NeXT, DEC, Concurrent, and Silicon Graphics work 
stations, and of course, IBM PC compatibles. 



One Kendall Square Cambridge. MA 02139 
Phone 617-577-1 133, FAX 617-577-8211 


DADiSiyWindows 
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An optomechanical device developed at Langley Research Center translates the 
probe volume of a crossed-beam laser velocimeter while maintaining the beams' 
optical alignment. It measures the velocity, pressure, and temperature of a flowing 
gas at several locations within a supersonic wind tunnel, without requiring 
tedious realignments of its optical train at each site. See the tech brief on page 41. 
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To Backup 50 GB, Two Recording 
Heads Are Better Than One. 


Single: 

Drives can 
operate 

independently. 


Cascade: 

Data automatically writes 
to the second tape when 
the first tape is full. 


Mirroring: 

Writes the same data 
to both tapes 
simultaneously. 


Striping: 

Writes data to two tapes at 
once, in alternate blocks, 
doubling capacity and speed. 
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Introducing the dual drive 
CY-8505 with the Advanced SCSI 
Processor. 

Working independently, each 
drive can store up to 25 GB, at speeds 
of up to 90 MB per minute. So it's 
perfect for unattended backup. 

But performance really hits the 
ceiling when the drives work together. 

Four selectable recording modes, 
plus offline copy and verify, give you 
the flexibility to write 50 GB of data 
any way you need to. 


Consider it a data storage 
management tool, a solution that will 
solve the problems you encounter 
every day. The need for higher 
capacity and speed; the need to make 
duplicate tapes for off-site storage 
and data exchange; the need for real- 
time status information-and the 
need to save resources and boost 
productivity on even' level . 

Each tape drive offers the most 
advanced in data recording technol- 
ogy. Our hardware data compression 


option is the fastest available. And it’s 
switch-selectable, so you can read 
and write uncompressed data for 
compatibility with other sites. Add 
accelerated file access to locate a single 
file in an average of 85 seconds. And 
we even offer a data encryption option 
that lets you control access to 
sensitive data. 

All this, and the proven reliability 
and price performance of 8mm 
helical scan tape storage. 

We back this turnkey solution 
with a two year warranty that in- 
cludes responsive service and 
technical support from our in-house 
engineering group. 

If you need a data storage 
solution that means business, call 
today for more information at: 

(804) 873-9000 
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Researchers at Lewis Research Center have designed a tool to 
gauge the fiber/matrix interface strength in lightweight, high- 
temperature, fiber-reinforced composites. The device uses a 
small pushrod to displace a thin slice of the material, recording 
the loads required to displace and to continue moving the fiber 
against frictional resistance. See the tech brief on page 49. 

Photo courtesy Lewis Research Center 
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Major Technology Breakthrough: 

Fully-Automatic, 8-Node "Brick" 
Solid FEA Mesh Generator — Hexagen™ 

• Fast 

• Easy-to-Use 

• More accurately 
models parts 

• 8-Node "Bricks" 
are the Most Accurate 
Elements 

• Puts the best shaped 
elements on and near 
the surface for greatest 
accuracy 

• Available for Linear 

or Nonlinear Stress, * Design Modeling 

Heat Transfer and a Wide with 

Variety of Dynamic Engineering Precision 

(Vibration) Analyses 



A simple mouse click created this solid, 8-node 
"brick" element model from a predefined 
surface mesh ( paving ) using Algor’s proprietary 
surface to volume method. 


Accurate FEA and design modeling. 


Algor is a world leader in engineer- 
ing design and analysis software. 
More than 10,000 engineers in 50 
states and over 60 countries prefer 
Algor's high-accuracy Finite Element 
Analysis and modeling for when the 
engineering has to be right. 

Comprehensive 

Analysis 

Linear and nonlinear stress, vibra- 
tion and natural frequency; steady- 
state and transient and nonlinear 
heat transfer; steady-state and tran- 
sient fluid flow; composite elements; 
electrostatic; ASME piping analysis; 
kinematics and rigid-body dynamics. 


Powerful Modeling: 

Full-featured engineering design; 
surface and solid modeling; fully- 
automatic 2-D, 3-D tetrahedral and 
3-D 8-node, "brick” finite element 
mesh generation; advanced visual- 
ization; Unique EAGLE design opti- 
mization control system for automat- 
ed, parametric, FEA-based design 
optimization. 

Regardless of any CAD/CAM or 
other CAE system you have in 
place, Algor fits in and adds value 
via a wide range of IGES and other 
data transfer facilities. 


* RLE DR 

When the Engineering 
Has to be Right™ 

For DOS, UNIX and Windows NT 

150 Beta Drive 

Pittsburgh, PA 15238-2932 USA 
Phone: (412) 967-2700 
Fax: (412) 967-2781 
California: (714) 564-2541 
Europe (UK); +44 (784) 442 246 
Tokyo: +81 03-3589-6148 

Copyright © 1993 Algor, Inc. All rights reserved. 

TM T rademark of Algor, Inc. 
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Video Windows 

for 6u VME 

Systems 


RGB/VIEW® 600 

• SIMULATION »C 3 I • S U R V E I L L A N C E 

• INTERACTIVE VIDEO DISC TRAINING 
• ROBOTICS ‘INDUSTRIAL CONTROL 

• VIDEO TELECONFERENCING 


Two real time video 
windows 

Video windows scalable 
to full screen 

Optional inputs for FLIR, 
radar, VGA and medical 
imagers 

X.TV™ program controls 
all video functions 
under X Windows 

Keyer overlays text and 
graphics on video 

No burden on host CPU 
or graphics controller 

24-bit color processing 
of the video input 

Compatible with all 
high resolution 
graphics controllers 

Other models available 



RGB 



SPECTRUM® 


950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 
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CUSTOMIZING YOUR WAVEFORM ANALYSIS 

DOESN’T TAKE A PC. 




o computer needed. 

ther scopes give you waveforms, 
icolet gives you answers. Forget 
e PC. You don't need one. 
•ogram directly on the scope 
;ing a built-in, full-screen editor 
id 101-key PC-type keyboard, 
•eating your own custom 


Perform complex data reduc- 
tions. Print a complete analysis. Plot 
trends from previous tests. And 
automate pass/fail decisions. They're 
no problem. You just need TACT. 


BASIC language - 
SUPERIOR performance. 

A built-in BASIC language with 
easy access to on-screen prompts 
and menus puts even more 
pow er in your hands. All scope 
functions, conditional testing, 
variable storage, custom printer 
and plotter output capabilities 
are just a touch away. With TACT, 
put waveforms in; get reliable 
answers out. 

To simplify your testing 

you need two things. Nicolet 

and a little TACT. Call Nicolet 
toll free 1-800-356-8088 for 
further information. 


te company that gave you the first 
gital oscilloscope, the longest 
emory, best resolution and greatest 
orage capacity has gone a giant 
i*p further tow ard the perfect 
ope. All you need is a Nicolet Pro 
SO - and TACT. 

TACT software elevates 
icolet's Pro DSO into the first 
tplication-speclflc oscilloscope, 
gives you the power to say and 
) the right thing at the right 
ne - to enhance the productivity 
your test capabilities. 


programs, calculations and plots has 
never been this fast. . .this simple. 
Time savings are dramatic as TACTs 
LEARN mode writes and remembers 
most of your programs for you. 
Automatically. 


For More Information Write In No. 639 

Nicolet 

INSTRUMENTS OF DISCOVERY 



Xicolet Measurement Instruments 5225 Verona Road Madison. \VI USA 5371 1 608/271-3333, FAX 608/273-5061 
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RICA'S FUTUR 


p 
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by DANIEL S. GOLDIN, Administrator 
National Aeronautics and Space Administration 


F or 35 years, NASA research in 
air and space exploration has 
resulted in a steady stream of 
new ideas and products for America 
and the world. Some, such as the 
micro-miniaturized electronics that grew 
out of Project Apollo, have changed the 
face of our society. 

But now, at the threshold of a new 
era in air and space devel- 
opment, NASA’s transfer of 
technology is undergoing a 
radical change of its own. 

Gone are the days when 
technology transfer was 
seen as a secondary mis- 
sion, governed by the re- 
laxed rules of serendipity. 

Today the space agency 
is stressing technology as 
one its primary means to 
make the space program 
relevant and meaningful to 
a cost-conscious nation. 

Under the leadership of 
President Clinton and Vice 
President Gore, we are lev- 
eraging America’s federal 
research and development 
investment for the practical 
gain of all Americans. If 
there is a peace dividend 
from the end of the Cold 
War, the Clinton adminis- 
tration’s multi-billion-dollar 
technology reinvestment 
program is it. 

The need to leverage that national 
investment is the reason I have directed 
the NASA team to move from a reactive 
to a proactive program of technology 
transfer, one that makes a real differ- 
ence to the American people. As we 
boldly explore the realms of air and 
space, we make technology transfer an 


intrinsic part of our programs. Our goal 
will be to weave dual-use technology 
and commercialization into the very fab- 
ric of NASA by ensuring that our re- 
search is focused not just on the agen- 
cy’s needs, but also on national needs. 

We have put into place several initia- 
tives to improve and streamline NASA’s 
technology transfer processes to be 


more responsive to the needs of the pri- 
vate sector. We intend to build upon 
and continually improve our current net- 
work for transferring technology. At 
NASA, the determination to move in this 
direction is more than just the latest 
fashion. It represents the realization that 
in order to effectively meet the chal- 


lenges of the next century, we have to 
respond to powerful trends in the gene- 
sis and use of technology. 

After two centuries, the Industrial 
Revolution is giving way to the Informa- 
tion Age, and it is happening on a global 
basis. More and more, fortunes will be 
based not on the manufacture of wid- 
gets, but on the harnessing of informa- 
tion. In order to build the vast 
new digital systems of the 
future, systems manage- 
ment skills will be crucial, as 
will mastery of the technolo- 
gy that makes it possible. 

All over the planet, cor- 
porations and nations are 
racing to take advantage of 
the new possibilities inher- 
ent in the Information Age. 
Already, telecommunica- 
tions provides more than 
five percent of the Gross Do- 
mestic Product of the in- 
dustrialized nations, ac- 
cording to the International 
Telecommunication Union. 
In the future, that percent- 
age will only increase. 

From fax machines and 
beepers to laptop comput- 
ers and optical disks, we 
already have seen the ad- 
vent of the digital revolution. 
Now the trend is to com- 
bine those and other tech- 
nologies into one box — but 
that will be only the beginning. The even 
greater challenge, and one that will de- 
fine the Information Age, is construction 
of the vast planet-girdling systems nec- 
essary to feed data into those boxes 
and enable them to interact. 

In the near future, the personal com- 
puter will combine the features of a tele- 



Daniel S. Goldin, NASA Administrator 
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The Delta Clipper Experimental DC-X. 



the: N EXT 
BREAKTHROUGH 
I S YO U RS. 


Some people called McDonnell Douslas 
Aerospace's mission "unthinkable": develop 
a prototype reusable single-stage rocket 
vehicle in less than two years. And do it on 
a budget that was unthinkably tight. 

But only eighteen months later and under 
budget, McDonnell Douglas' Guidance Navigation and Control 
Group delivered flight control software for the Delta Clipper 
Experimental rocket. On its first flight on August 18, 1993, the 
autonomously controlled DC-X performed flawlessly, taking 
off and landing vertically, right on target. 

That’s a breakthrough. And that's the kind of results 
we at Integrated Systems, Inc. hear consistently from users 
of our MATRIX/ Product Family tools. In fact, a recent survey 
showed that MATRIX x users cut development cost and 



time-to-market by up to 67%. These are the gains that 
McDonnell Douglas and others have learned to expect from 
the industry's only complete mathematical analysis, modeling, 
simulation, code generation and hardware-in-the-loop 
prototyping environment. 

"The MATRIX x design tools made it possible to 
meet the ambitious schedule, budget and technical goals for 
the DC-X," declared Matt Maras, GN&C Software Program 
Manager, McDonnell Douglas Aerospace. 

If we can help 

McDonnell Douglas perform the 
"unthinkable," imagine what 
Integrated Systems and our 
MATRIXx Product Family can 
do for you. 


j 1 1 integrated 
" 111 systems 

(800)932-6284 
e-mail info@isi.com. 


© Copyrisht 1993 Integrated Systems, Inc. All Rights Resented. MATRIX x is a registered trademark. Other products and brand names 
are trademarks or registered trademarks of their respective holders. 
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vision, a telephone, a communications 
link, a banking and shopping tool, and, 
just as likely, a constantly evolving digi- 
tal laboratory. Futurists predict wide- 
spread use of devices that can access 
unlimited amounts of information, store 
digitized photos, send faxes around the 
world, and tap into fiber-optic networks 
with the speed of light. It is truly a 


brave new world on the horizon. 

The skills defining success in that 
new world will include not just mastery 
of building the interactive black boxes 
destined to populate office desks and 
homes all over the world, but also the 
vast infrastructure and databases sup- 
porting them. From low-orbiting satel- 
lites for mobile radio frequency links to 


the construction of colossal data-net- 
works on a global scale, feeding millions 
of access points at the speed of light, 
the size of things to come will be noth- 
ing short of revolutionary. 

That’s where the space program 
comes in. As Presidential Science Ad- 
visor Dr. John Gibbons has said, “The 
whole idea of systems design and inte- 
gration in which NASA and the aeronau- 
tics people have more experience than 
anyone else has relevance in other sec- 
tors of our economy." The space station 
program is one example of how NASA’s 
future missions will require exactly that 
kind of global systems integration and 
management know-how — to bring to- 
gether components from all over the 
world, launch them into orbit, and 
assemble the pieces into a functioning 
space laboratory. 

The experience gained in systems 
management of such a complex orbital 
laboratory, working with many nations, 
could offer a number of insights and 
new techniques even as the digital revo- 
lution changes our daily lives. Comput- 
erized tracking of design changes, infor- 
mation retrieval from vast data reposito- 
ries, complex schedule administration, 
and other management tools already are 
being developed by the space station 
program. Other technologies that play 
into this digital future are expert sys- 
tems, fuzzy logic, neural networks, auto- 
mation of operations, and human-com- 
puter interactions — all areas where the 
space program is at the cutting edge. 

The space program has been a key 
contributor to the information revolution 
from the very beginning. From the earli- 
est communications satellites to the 
most recent supercomputers, NASA’s 
unique requirements have helped to 
push the state of the art in information 
processing. Now another wave of devel- 
opments is on the horizon, and what 
better way to prepare for it than by 
working at the cutting edge and cycling 
the new knowledge and techniques 
back into the national mainstream? 

It is an exciting future ahead, a future 
that in many ways will be defined by the 
frontiers of technology. And working on 
the frontiers of knowledge, the people of 
NASA will tell you, is what America’s 
space agency does best. □ 


Elmo- the 


KING 

of Micro 
Picture Quality 


FRONT OF CONTROLLER 



BACK OF CONTROLLER 


Any broadcast pro will tell you Elmo 
micro cameras deliver the best picture 
quality. That's why Elmo micro cameras 
are used in network television events. 

Now. we’ve made them 
even better! Elmo micros are 
also extensively used in 
medical equipment, aircraft, 
high tech surveillance, 
covert operations and 
many more applications. 

1. Model MN-401X (color) 


f 




Features electronic shutter speed up to 1/50,000th second, over 
460 lines (H) resolution, 5 lux illumination for excellent color 
rendition, the first micro with 3 video outputs (analog RGB, S-VHS, 
NTSC) and accepts macro lenses that can enlarge up to 178 times. 

2. ME-401E (B&W) 

A 570 lines (H) high resolution model. 1 .8 lux, both electronic and 
manual shutter speed control and random trigger for machine 
vision, quality control and other applications. 

Elmo also offers another very special ingredient, the best 
customer service and support. You can immediately 
reacn a highly qualified person to quickly 
answer your technical or service 
questions. 

For more information, 

call Vince Giovinco 
toll free at 
1-800-947-ELMO 
or write: 


70 New Hyde Park Road. New Hyde Park. NY 11040 Phone: 1-800-947-ELMO 

44 West Drive. Brampton, Ontario, Canada L6T 3T6 Phone: 416-453-7880 
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■ No Delay ... see full traces on monitor while recording 

■ On-Board Data Analysis as well as by host program 

■ Patented Twin Printhead Design ... 300 dpi laser printer 
resolution for clear, crisp traces 

■ On-Board Signal Conditioning for voltage, temperature, 
pressure and strain recording 

■ Front Panel Floppy Drive for personal chart and system 
setups 

■ Data Capture . . . store up to 32 megabytes in RAM; 170 
megabytes to internal hard drive; stream to external 2 
gigabyte drive via SCSI; archive to DAT or floppy drive 

■ 8 to 32 Waveform Channels . . . plus 32 events; DC to 20 
kHz; chart speeds to 500 mm/sec 

■ Record analog, digital, or both 


The MT95K2 lets you preview your data, record it, store it, 
play it back, analyze it, record it again, and more! For a basic 
8 channel recorder or a sophisticated 32 channel recording 
system, the MT95K2 is the perfect platform for you today 
and tomorrow! 

Phone, fax, or write for details. 

CL Astro-Med, Inc , 

Astro-Med Industrial Park, West Warwick, Rhode Island 02893 
Phone: (401) 828-4000 • Toll-Free (800) 343-4039 
Fax: (401) 822-2430 • Telex: 710-382-6409 

Sales and Service Centers in London, Paris, Frankfurt, 

Milan and Rome 


Astro-Med is system certified to ISO-9001 


For More Information Write In No. 485 





Through the technology transfer process, many of the systems, methods, and products 
pioneered by NASA are reapplied in the private sector, obviating duplicate research 
and making a broad range of new products and services available to the public. 


mrnwiwi 



E ver wish for a third arm while per- 
forming a demanding or delicate 
task? Thanks to a mechanical arm 
developed by Computer Motion 
Inc. (CMI), Goleta, CA, physicians 
performing laparoscopic surgery 
can operate three instruments si- 
multaneously, reducing the time, costs, 
and risks associated with the procedure. 

Laparoscopy, which employs an op- 
tical tube with a miniature camera at its 
tip that can be inserted into a patient’s 
abdomen, is gaining in popularity be- 
cause it does much less damage to the 
patient than traditional surgery. The 
camera permits the surgeon to view the 
procedure on a video monitor, eliminat- 
ing the need for a large incision. The 


method is used in more than one million 
operations a year nationwide, including 
gallbladder removal, hernia repair, hys- 
terectomies, urological surgery, and in- 
fertility treatment. 

“The conversion in recent years to 
laparoscopy has been a patient-driven 
phenomenon,” said Yulun Wang, CMI's 
president and one of the robot’s inven- 
tors. “It’s actually harder for the surgeon 
to do and so takes longer in the operat- 
ing room — but the patient often can 
leave the same day." 

The traditional gallbladder removal 
surgery, for example, requires a six-inch 
incision across the abdomen, resulting 
in a five-day hospital stay followed by a 
six- week recovery period. With laparo- 


A new robot from Computer Motion 
Inc. assists surgeons during minimally- 
invasive surgery, significantly reduc- 
ing time, costs, and risks. 


scopy, three one-inch cuts are made, 
one for the laparoscope and two for sur- 
gical instruments. Such minimally-inva- 
sive surgery means the patient spends 
less time under anesthesia — 20 percent 
less in recent trials — and recovers much 
more quickly. After a laparoscopic gall- 
bladder removal, the patient probably 
will go home the next day and recover 
in a week. 

Until now, however, a medical assis- 
tant was needed for the tedious job of 
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Mounted to the surgical table, AESOP requires little space and assumes the 
tedious task of holding steady and manipulating the laparoscope, a tiny camera 
inserted into the patient’s abdomen. 


holding and maneuvering the laparo- 
scope to the surgeon's instruction. 
“Surgeons didn’t like not being able to 
control their visual feedback,” said Wang. 

The new robot, AESOP, short for 
Automated Endoscopic System for 
Optimal Positioning, holds the laparo- 
scope and moves in response to a foot 
controller operated by the surgeon. 
Mounted on the edge of the surgical 
table, it provides a stable image for deli- 
cate work and thereby reduces the risk 
of error and postoperative complica- 
tions. Pedals on the foot controller 
enable the surgeon to pan smoothly 
backwards and forwards as well as 
safely view the introduction and exit of 
instruments from the abdomen. The ro- 
bot also reduces the tendency to touch 
internal tissues during a procedure, 
which necessitates cleaning the lens. 

Eliminating an assistant reduces both 
the crowding in the sterile field and 
personnel costs, which represent 70-80 
percent of hospital costs. “You might 
think that surgical assistants would be 
angry at losing this position, but every- 
one attests that it’s a thankless job 
because you get yelled at all the time," 
said Wang. Frustration results on both 
sides because no human assistant can 
precisely interpret the surgeon’s con- 
stant commands to “move a little to the 
left, now a little up.” 

AESOP's Review™ feature enables it 
to remember key operative sites and 
tool insertion points. The surgeon can 
press one of six programmable buttons 
to lock a position in memory, touching 
the button anytime during the procedure 
to return automatically to the pro- 
grammed location. Each button can be 
reprogrammed as many times as neces- 
sary during the procedure. 

The robot also solves the problem of 
counter-intuitive view adjustments. 
Traditionally, shifting the view to the right 
required the operator to move the 
laparoscope to the left; panning up 
meant moving the instrument down. 
Because AESOP’s motion is screen- 
based, the robot moves in accordance 
with the image on the monitor. 

“I can go measurably faster with 
AESOP because the procedure is more 
efficient,” said Dr. Jonathan Sackier, a 
surgeon at the University of California at 
San Diego Medical Center who performed 
the first surgical trials and is heading a 
ten-hospital study of the robot. Used to 
date in 25 cases at six institutions nation- 


wide, AESOP recently received Food and 
Drug Administration approval. 

AESOP is the first commercial appli- 
cation of technology developed through 
a Small Business Innovation Research 
grant from NASA’s Jet Propulsion Lab- 
oratory. Computer Motion's task was to 
develop a low-cost robot capable of del- 
icate force control for precise tasks such 
as polishing, finishing, cleaning, and 
deburring. “With the JPL funding, we 
built a core team of robotics experts and 
developed from the ground up all the 
subcomponents that go into any robotic 
system," said Wang. “Consequently, we 
were able to build our first prototype of 
AESOP in three months.” 

AESOP doesn't fit into either of 
the two classes of robots common 
today. One type is the usually large 
and expensive industrial robots pro- 
grammed for specific high-speed move- 
ments such as parts assembly or weld- 
ing. Teleoperated robots, on the other 
hand, mimic the movements of a human 
operator at a remote location where it is 
unsafe for humans to go, such as a haz- 
ardous waste site. By contrast, AESOP 
offers robotic enhancement technology 
(RET™), which combines a man and a 
machine to perform tasks neither could 


perform alone. AESOP melds the preci- 
sion of robotics with the memory of a 
computer and the intelligence of a doctor. 

The robot utilizes a unique macro/ 
micro design— coupling a large robot to 
a smaller and more accurate manipula- 
tor— to control costs. “In this particular 
application, the robot doesn’t have to 
move very quickly or accurately, com- 
pared to industrial robots, because 
there’s a man in the loop constantly 
making adjustments,” said Wang. "As a re- 
sult, we’ll be able to sell it for around 
$ 20 , 000 .” 

CMI continues to conduct research 
to create a more seamless man- 
machine interface. Current efforts are 
focused on incorporating voice-activa- 
tion and eye tracking, by which the 
robot would move in response to a sur- 
geon’s eye movements. Such enhance- 
ments, according to Wang, could en- 
able the surgeon to operate more than 
one robot and, thereby, several different 
surgical instruments for even more effi- 
cient surgery. □ 

For more information on the technology 
described above, contact James W. 
Wright, Director of Marketing, Computer 
Motion Inc., 250 Storke Road, Suite A, 
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New Product Ideas 


New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica- 
tions. Each is discussed further 
on the referenced page in the 


appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova- 
tions, you can receive further 
technical information by 
requesting the TSP referenced 


at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 20). 

NASA's patent-licensing program 
to encourage commercial develop- 
ment is described on page 20. 


Enhanced Cultivation of 
Stimulated Murine B Cells 

These cells can be electrofused with 
other cells to produce hybridomas, which 
can be used to produce monoclonal anti- 
bodies. With further investigation, hybri- 


domas may be generated that secrete 
antibodies to specific antigens like viruses 
and isolated proteins. 

(See page 68.) 


Piezoelectric Motor in 
Robot Finger Joint 

This robotic tinger contains an integral 
piezoelectric motor. The finger is simpler 
to assemble and disassemble and to repair. 
(See page 57.) 

High-Temperature 
Electrostatic Levitator 

Heating and levitation are controlled in- 
dependently here. Unlike in electromag- 
netic levitators that work with conductive 
samples only, the samples can be semi- 
conductors or insulators. 

(Seepage 62.) 

Two-Stage Series- 
Resonant Inverter 

A lightweight circuit provides regulated 
power and is invulnerable to output short 
circuits. The inverter is particularly suit- 
able for use in ac-power-distribution sys- 
tem of an aircraft. 

(See page 34.) 

Making CoSi 2 Layers by 
Ion Implantation 

Vertical-junction photovoltaic cells in 
series would be fabricated in a monoli- 
thic structure. Such cells offer potential ad- 
vantages of high power density and low 
series resistance. 

(See page 35.) 

Pyrolle-Based Conductive 
Polymers for Capacitors 

Poiypyrolle films that contain various 
dopant anions exhibit superior capaci- 
tance characteristics. Sample films have 
demonstrated volumetric capacitance of 
about 300 F/cm 3 . 

(See page 43.) 

Guanidine Soaps as 
Vehicles for Coating 
Ceramic Fibers 

Such soaps serve as vehicles and bin- 
ders for coating ceramic fibers, various 
smooth substrates, and other problem- 
atic surfaces with thin precious-metal or 
metal-oxide films. The soaps are entirely 
organic and can be burned off, leaving 
no residue. 

(See page 45.) 
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FOR AUTOMATED VISION OEMs, 
LIFE BEGINS AT... 


IMAGING 

IMAGING 

IMAGING 

IMAGING 

Technology Inc. 


• Modular 40 MHz pipeline processors 

• Plug-on 40 MHz DSPs for high-speed image analysis 

• Expandable parallel pipelines defined by software 

• Real-time, true-color processing 

• Extensive vision application software tools 

• Unrestricted choice of image sensors 

• VMEbus, ISA/EISA, and S-bus compatible 

• In OEM quantities, single-board configurations 
start at less than $7,500 

Call (800) 333-3035 
for additional details! 


Series 150/40 
"the industry's vision processor" 
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The Multi-function 
Switch solution for 
NVIS-Sunlight requirements. 


The VIVISUN 5000 interactive switch system 
incorporates LED lighting that is both NVIS compati- 
ble and sunlight readable per MIL-L-85"62A. This 
fully programmable system also provides rugged 
reliability and meets the environmental extremes 
that military programs demand. 

The VIVISUN 5000 LED dot-matrix display switch 
has a 1000:1 dimming ratio which achieves NVIS 
compatibility and sunlight readability (10.000 foot- 
candles). System features include: Total Legend 
Flexibility • Serial Data Line via RS-232C or RS--t22 


• Interactive Tactile Response • Uniform Lighting in 
Low Level/Sheltercd Environments • NDI Immediate 
Integration. 

The VIVISUN 5000 interactive switch system is 
the solution for your ruggedized military design 
requirements. 

Contact us today. 

Q 4EROSR4CE OPTICS INC. 

3201 Sandy Lane. Fort Worth. Texas "6112 
Phone (81") -»51-1 1-»1 • Fax (81") 653-3405 
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YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 


If you're a regular reader ol TECH BRIEFS, then you re already making use of 
one of the low-and no-cost services provided by NASA's Technology Transfer 
Program But a TECH BRIEFS subscription represents only a traction of the 
technical information and applications engineenng services offered by this Pro- 
gram In tact, when all of the components of NASA s Technology Transfer Network 
are considered. TECH BRIEFS represents the proverbial tip of the iceberg. 

We’ve outlined below NASA's Technology Transfer Network — named the 
participants, described their services, and listed the individuals you can contact 
for more information relating to your specific needs. We encourage you to make 
use of the information, access, and applications services offered 


How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels — Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

I f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the end of the Tech Brief. 


Ames Research Ctr. 

Technology Utilization 
Officer:Geoffrey S. Lee 
Mail Code 223*3 
Moffett Field. CA 94035 
(415) 604-4044 
Patent Counsel: 

Darrell G. Brekke 
Mail Code 200- 11 
Moffett Field. CA 94035 
(415) 604-5104 

Lewis Research Center 

Technology Utilization 
Officer: Anthony F. 
Ratajczak 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433-5568 
Patent Counsel: 

Gene E. Shook 
Mail Code LE-LAW 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433-5753 


John C. Stennis 
Space Center 

Acting Technology 
Utilization Officer: 
Richard A. Galle 
Code HA-30 
Stennis Space Center, 
MS 39529 
(601)688-1929 

John F. Kennedy 
Space Center 

Technology Utilization 
Officer: James A. 
Aliberti 

Mail Stop DE-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 

Bill Sheehan 
Mail Code DE-PAT 
Kennedy Space 
Center. FL 32899 
(407) 867-2544 


Langley Research Ctr. 

Technology Utilization 
Officer Joseph J. 

Mathis. Jr. 

Head. TU & AO Office 
Mail Stop 200 
Hampton. VA 23681-0001 
(804) 864-2484 
Patent Counsel: 

Dr George F Helfhch 
Mail Stop 143 
Hampton. VA 23681-0001 
(804) 864-3221 

Goddard Space Flight 
Center 

Technology Utilization 
Officer. Dr George Alcorn 
Mail Code 702 
Greenbelt. MD 20771 
(301)286-5810 
Patent Counsel: 

R. Dennis Marchant 
Mail Code 204 
Greenbelt. MD 20771 
(301)286-7351 


Jet Propulsion Lab. 

NASA Resident Office 
Technology Utilization 
Officer: Arif Husain 
Mail Stop 180-801 D 
4800 Oak Grove Drive 
Pasadena. CA91109 
(818) 354-4862 
Patent Counsel: 
Thomas H. Jones 
Mail Code 1 80-80 1G 
4800 Oak Grove Drive 
Pasadena. CA 91 109 
(818)354-5179 

Technology Utilization 
Mgr for JPL: 

Wayne Schober 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena. CA91109 
(818) 354-2240 

Technical Information/ 
Inquiries: 

1(800) 832-4575 


George C. Marshall 
Space Flight Center 

Technology Utilization 
Officer Ismail Akbay 
Code AT01 
Marshall Space Flight 
Center. 

AL 35812 
(205) 544-2223 
(800) 437-5186 
Patent Counsel: 
Robert L Broad. Jr. 
Mail Code CC01 
Marshall Space Flight 
Center. 

AL 35812 
(205) 544-0021 

Lyndon B. Johnson 
Space Center 

Technology Utilization 
Officer: Richard B 
Ramsell 
Mail Code IC-4 
Building 4 South 


Houston. TX 77058 
(713)483-3809 
Patent Counsel: 

Edward K. Fein 
Mail Code AL3 
Houston. TX 77058 
(713) 483-4871 

NASA Headquarters 

Technology Utilization 
Officer: Leonard A. Ault 
Code CU 

Washington. DC 20546 
(202) 358-0721 
Associate General 
Counsel for Intellectual 
Property: Jack Mannix 
Code GP 

Washington. DC 20546 
(202) 453-2424 
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Special Focus: 
Communications Technology 


Parallel/Series-Fed Microstrip Array Antenna 

Characteristics include low cross-polarization and high efficiency. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 
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Figure 1 . The Microstrip Array Antenna is fabricated on two rectangular dielectric sub- 
strates. 


Incoming 

Power 
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Elements 


Figure 2. Impedance-Matching Sections of Microstrip Transmission Lines appor- 
tion power to the various radiating elements. The radiating element shown here is the 
one denoted by the dashed outline in Figure 1 . 


Figure 1 shows a microstrip antenna 
that produces a fan-shaped beam polar- 
ized parallel to its short axis. The design of 
the antenna optimizes its performance at 
a frequency of 5.3 GHz, minimizes cross- 
polarization and insertion loss, and sup- 
presses the beam squint or change in 
beam squint that would otherwise occur 
when the operating frequency is changed 
to another, nearby value. This antenna, fab- 
ricated on two thin dielectric substrates, is 
meant to be mounted conformally on the 
outside surface of an aircraft for use in 
synthetic-aperture radar. Other antennas 
of similar design could be mounted, for ex- 
ample, on the roofs or sides of buildings, 
ships, or land vehicles for use in radar or 
communications. 

The antenna contains a total of 72 mi- 
crostrip-patch radiating elements con- 
nected to 2 coaxial feed probes via mi- 
crostrip transmission lines. To minimize 
cross-polarization, the two feed points 
are located electrically 90° off center and 
are excited in opposite phase; this com- 
bination of features results in cancellation 
of both spurious radiation from higher- 
order electromagnetic modes of the patch- 
es and leakage radiation from the micro- 
strip transmission lines, and the net result 
is that the radiated beam is nearly purely 
polarized along the desired direction. 

Beam squint is suppressed and inser- 


tion loss is minimized by a combination 
of parallel and traveling-wave series feed 
configurations. As shown in more detail 
in Figure 2, the microstrip transmission 
lines contain sections of various lengths 
and widths chosen to produce the de- 
sired amplitude and phase relationships 
among the radiating elements. In this ap- 


proach to traveling -wave series feed, the 
impedances are matched not only at the 
feed points but also at the power-division 
points and at the radiating elements. For 
example, the outer parts of the array are 
designed so that each element radiates 
one-sixth of the traveling-wave power 
that reaches it. 
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The distance along the transmission 
lines between radiating elements is one 
wavelength in the dielectric substrate, so 
that the radiating elements are fed in phase 
and the main lobe of the radiated beam 
is broadside. Half wavelength open-cir- 
cuit stubs at the outer ends of the array re- 
flect the remaining power back along the 
transmission lines. The reflected travel- 
ing waves are in phase with the incom- 
ing traveling waves at the feed points of 
the radiating elements: consequently, the 
reflected power is utilized as fully as pos- 


sible, and very little power is wasted. 

The particular off-centerline, off-mid- 
length feed configuration is such that the 
middle part of the antenna array is ef- 
fectively parallel-fed even though each 
half of the array is series fed. Under this 
condition, although the beam from each 
half of the array would squint away from 
broadside with a change in frequency, 
the combined beam produced by the whole 
array remains broadside. Of course, the 
gain in the broadside direction is reduced 
when this happens. 


This work was done by John Huang 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 6 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment should be addressed to the 
Patent Counsel, NASA Resident Office- 
JPL [see page 20] Refer to NPO-18678. 


<3 Dual-Beam Microstrip Array Antenna 

One array produces two off-broadside beams with no additional complication of feeds. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
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Figure 1 . This Microstrip Array Antenna is similar to the one described in the preceding article, except that it produces two off-broad- 
side beams instead of one broadside beam. 


The microstrip array antenna shown 
in Figure 1 produces two squinted beams 
at angles of ±41.5° off broadside, at a 
frequency of 5.29 GHz. This antenna is 
similar, in many respects, to the antenna 
described in the preceding article, “Par- 
allel/Series-Fed Microstrip Array Anten- 
na" (NPO-18678). Like that antenna, this 
one is designed with offset, opposite- 
phase feed points in a combined parallel 
and traveling-wave series feed configu- 
ration that minimizes (1) cross-polariza- 
tion, (2) the change in beam squint with 
a change in frequency, and (3) insertion 
loss. In the original application, the two 
beams are to be used in an airborne 
synthetic-aperture interferometric radar 
to measure along-track and cross-track 
velocities simultaneously. Other potential 
applications include multiple-beam com- 
munications and tracking of aircraft at 
airports. 

Two of the differences between this 
antenna and the previous one lie in the 
free-space distance between the radi- 
ating elements and the phasing of the 
element feeds. The elements are spaced 
a full wavelength (in the dielectric) apart 


Figure 2. 

Adjacent 

Elements 

Are 

Spaced 

and 

Phased 

to radiate 
coherently 
in the de- 
sired beam 
squint di- 
rections. 
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in the long dimension, corresponding to 
a 0.736 tree-space wavelength. The im- 
pedance-matching transmission line sec- 
tions that feed adjacent elements differ 
in electrical length by 180 °, so that ad- 
jacent elements are fed in opposite phase. 
Thus, the antenna can be regarded as 
consisting of two interleaved subarrays 
excited in opposite phase. 

The combined effect of interferences 
among the electromagnetic fields radi- 
ated by the various elements in like and 
opposite phases is to suppress the net 
radiation in the broadside direction and 
add coherently to produce the two off- 
broadside beams at ±41.5°. These two 


off-broadside beams are the results of 
grating lobe radiation. The 3-dB width 
of each beam is 2.7°; the peak side- 
lobes are 15 dB below the main-beam 
peaks. In practice, imperfections of de- 
sign and fabrication prevent exact can- 
cellation of the broadside beam, which 
remains about 18 dB below either main 
beam. The measured peak gain at 5.29 
GHz is 20 dB with respect to an isotro- 
pic antenna. The coaxial power divider 
and coaxial cables that feed the antenna 
account for about 1.5 dB of insertion loss. 

This work was done by John Huang 
and Soren N. Madsen of Caltech for 
NASA’s Jet Propulsion Laboratory 


For further information, write in 83 on 
the TSP Request Card. 

In accordance with Public Law 96- 
5 17, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to 

William T. Callaghan, Manager 
Technology Commercialization 
Jet Propulsion Laboratory 
(M /S 301-350) 

4800 Oak Grove Drive 
Pasadena, CA 91109 
Refer to NPO-18810, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


Steerable K/Ka-band Antenna for 
Land-Mobile Satellite Applications 

This antenna tracks and communicates with a 
geostationary satellite from the roof of a moving vehicle. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 



Figure 1 . This Experimental Communications System is designed to demonstrate and 
test various aspects of mobile satellite communications. A principal subsystem — the 
subject of this article — is the steerable microwave antenna mounted on the roof of a van. 


A prototype steerable microwave an- 
tenna tracks and communicates with a 
geostationary satellite. It is designed to 
be mounted on the roof of a vehicle (car, 
truck or van) and is only 10 cm tall. To- 
gether with a stationary ground termi- 
nal, the vehicle and satellite are parts of 
an experimental mobile -satellite com- 
munication system using NASA’s Ad- 
vanced Communications Technology 
Satellite (see Hgure 1). 

The antenna includes a feedhorn and 
an offset reflector mounted on a rotary 
table driven by a stepping motor. A lay- 
ered dielectric radome protects these 
components (see Figure 2). The anten- 
na handles both the 20 GHz, vertically 
polarized, received (downlink) beam and 
the 30 GHz, horizontally polarized, trans- 
mitted (uplink) beam, both with a 300 
MHz bandwidth. It provides a peak re- 
ceive sensitivity of -3 dB/K (gain to noise 
temperature ratio) and a peak transmit 
isotropic gain of 24 dB, while supporting 
transmit power levels up to 10 W. The 
transmitted and received beams are 
routed between the antenna and the 
equipment inside the vehicle via a co- 
axial rotary joint and a diplexer. 

The position and orientation of the 
feedhorn on the rotary table are fixed, but 
the elevation angle of the reflector can 
be adjusted manually so that it matches 
that of the satellite in the geographical re- 
gion in which the vehicle operates. The 
radiation patterns of the antenna at the 
two frequencies are broad enough to ac- 
commodate the typical tilting experi- 
enced by vehicles while traveling along 
paved roads. 


Under control of a computer mounted 
in the vehicle, the rotary table is turned 
so that the antenna acquires a pilot -tone 
signal that the satellite relays to the van 
from the stationary ground terminal. Once 
the pilot tone is acquired, an inertial turn- 
rate sensor mounted to the vehicle pro- 
vides most of the information needed to 


keep the antenna pointed toward the 
satellite as the vehicle moves about, so 
that communications are sustained while 
traveling. Any residual azimuthal-angle 
pointing error that develops is detected 
by sinusoidally dithering the rotary table 
±1° at a frequency of 2 Hz while moni- 
toring the signal strength of the pilot 
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ANTENNA ASSEMBLY 
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Figure 2. The Steerable K/Ka-band Antenna is made rugged and compact to suit the 
rooftop mobile operating environment. The more-delicate signal-processing and control 
equipment is located inside the vehicle. 


tone received through the antenna. The 
resulting estimate of pointing error is the 
source of feedback for the antenna 
pointing subsystem. 

The antenna system completes a full az- 
imuthal scan and acquires the pilot tone 
in about 6 seconds. After acquisition and 
during tracking, the root-mean-square 
pointing error is only a small fraction of a 


degree. The system can compensate for 
vehicle turn rates up to 60°/s. if the pilot 
tone is temporarily lost (e.g., when the 
vehicle passes under a bridge) the iner- 
tial part of the antenna pointing subsys- 
tem continues to function, thereby fa- 
cilitating immediate reacquisition. 

This work was done by Arthur 
Densmore, Vahraz Jamnejad, and Kenneth 


For More Information Write In No. 524 
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This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
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0 Frequency-Selective Microwave Reflectors 

Multiple double-loop patch elements reflect at some frequencies and transmit at others. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 



Figure 1. Reflector Panels are being developed for use in the subreflector of the dual 
reflector system. The subreflector is required to be highly reflective in the X and K a 
bands and highly transmissive in the S and K y bands. 



Note : Dimensions are in inches. 


Figure 2. This Flat Reflector Panel of the add-on type includes two surface arrays of 
double-square-loop patch elements. This panel is one of several prototypes of the 
curved subreflector of Figure 1 . 


Lightweight dichroic reflector panels 
are being developed for use in multiplex- 
ing electromagnetic waves at three or 
four microwave frequencies. The basic 
requirement is that the panels be highly 
reflective in the X and K a bands and 
highly transmissive in the K u and S 
bands. The original intended application 
is in the subreflector of a main parabo- 
loidal reflector to enable simultaneous 
operation in both a prime-focus config- 
uration in the Ku and S bands and a 
Cassegrain configuration in the X and 
K a bands, as shown in Figure 1. 

The reflector panels are being de- 
signed according to two alternative ap- 
proaches — add-on and integrated. In 
the add-on approach, each panel in- 
cludes a lightweight dielectric (e.g., plas- 
tic foam or honeycomb) core that sup- 
ports dichroic arrays of double- loop array 
elements on its front and back surfaces. 
The front-surface array is highly reflec- 
tive in the K a band and highly transmis- 
sive in the S, X, and K u bands; the 
back-surface array is highly reflective in 
the X band but highly transmissive in 
the S and Ky bands. In the integrated ap- 
proach, only one surface of the dielec- 
tric panel core supports an array of dou- 
ble-loop array elements that satisfies the 
basic frequency-selective reflection and 
transmission requirement. 

The subreflector panels for the intend- 
ed application will have to be curved, 
but for the sake of simplicity, the proto- 
type panels that have been built and 
tested thus far have been made flat. 
Both square and circular double-loop 
antenna elements have been designed 
and have been fabricated by deposit- 
ing patches of copper on thin dielectric 
sheets. The sheets have then been at- 
tached to the dielectric cores to form 
unitary sandwich structures. For exam- 
ple, Figure 2 shows a panel according 
to the add-on approach, with arrays of 
square double-loop array elements on 
polyimide sheets bonded to a foam core. 

This work was done by Te-Kao Wu 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, write 
in 4 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 


quires concerning nonexclusive or exclu- 
sive license for its commercial develop- 
ment should be addressed to the Patent 


Counsel, NASA Resident Office - JPL 
[see page 20], Refer to NPO- 18 70 1. 
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Electronic Components 
and Circuits 


Dual-Anode Nickel/ Hydrogen Cell 

As expected, resistance is about half that of a single-anode cell. 
Lewis Research Center, Cleveland, Ohio 


The use of two hydrogen anodes — one 
on each side of the nickel cathode — in an 
experimental nickel/hydrogen cell reduces 
the ohmic and concentration polarizations 
that contribute to the internal resistance 
of the cell, yielding a cell with improved 
discharging performance compared to that 
of a single-anode cell. It is anticipated that 
the dual-anode concept could be incor- 
porated into nickel/hydrogen cells of both 
the individual pressure-vessel type (for use 



Figure 1. The Nickel/Hydrogen Cells have been made in single- 
cathode/single-anode and single-cathode/dual-anode versions. 


oxyhydroxide cathode in which the reac- 
tants are supported on a metallic nickel 
matrix, and a hydrogen-gas/water anode 
in which the oxidation and reduction reac- 
tions occur on a platinized surface. The 
electrodes are separated by an ionically 
conductive material that is saturated with 
an alkaline hydroxide electrolyte solution. 

At the cathode, the active nickel species 
is oxidized to the + 3 oxidation state during 
charging and reduced to the +2 state dur- 
ing discharge; at the anode, water is reduced 
to hydrogen gas during charging, and hy- 
drogen is oxidized to form water during dis- 
charge. A potential of 1 .5 to 1 .6 Vdc is used 
to charge the cell, and the typical discharge 
potential is between 1.2 and 1.3 V. 

A dual-anode cell includes hydrogen 




Figure 2. Comparisons of the Outputs of a dual-anode and a sin- 
gle-anode nickel/hydrogen cell show that the dual-anode version 
performs better during discharge. 


aboard spacecraft) and the common pres- 
sure-vessel type, which could be used on 
Earth to store electrical energy from photo- 
voltaic sources, in “uninterruptible” power 
supplies of computer and telephone sys- 
tems, in electric vehicles, and for load level- 
ing on power lines. The dual-anode concept 
should also be applicable to silver/hydrogen 
and other metal/gas batteries. 

A standard nickel/hydrogen cell (see 
Figure 1) includes a nickel hydroxide/nickel 
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anodes on both sides of the nickel cath- 
ode, plus an electrolyte-saturated separa- 
tor between each hydrogen anode and the 
single nickel cathode. The polarization ef- 
fects in the experimental dual-anode cell 
were smaller than in the single-anode ver- 
sion of the cell. The top part of Figure 2 
shows the comparison of voltages of the 
single- and dual-anode versions during dis- 
charge at currents of 5 A. At a depth of 
discharge of 50 percent (0.55 A-h), the 
potential of the dual-anode cell was about 
100 mV higher than that of the single- 


anode cell; at a depth of discharge of 75 
percent (0.83 A-h), the potential of the dual- 
anode cell voltage was about 130 mV 
higher than that of the single-anode cell. 

The bottom part of Figure 2 shows the 
potentials of the dual- and single-anode 
cells as functions of the discharge current. 
These potentials were measured in a test 
in which each cell was first charged fully, 
then discharged at constant current until 
its potential reached 0.1 V; the voltage at 
the midpoint of the discharge was then 
plotted against the current for that particu- 


lar discharge. The slopes of the two lines 
show that the apparent resistance of the 
dual-anode cell is about half that of the 
single-anode cell (0.012 fi vs. 0.024 0). 

This work was done by Randall F. Gahn 
and Timothy P. Ryan of Lewis Research 
Center. For further information, write 
in 58 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Lewis 
Research Center [see page 20]. Refer to 
LEW-15212. 


Two-Stage Series-Resonant Inverter 

A lightweight circuit provides regulated power and is invulnerable to output short circuits. 
Lewis Research Center, Cleveland, Ohio 



The Two-Stage Inverter includes a variable-frequency, voltage-regulating first stage and 
a fixed-frequency second stage. 


A two-stage inverter circuit provides 
well-regulated alternating voltage at a 
fixed frequency. Current limiting, in 
conjunction with the internal imped- 
ance of the inverter, provides short 
circuit protection. Another desirable 
feature is low-loss commutation. Also, 
like other resonant-inverter power sup- 
plies, this one is light in weight. This 
combination of features makes the 
inverter particularly suitable for use in 
the ac-power-distribution system of 
an aircraft. 

The two stages are cascaded series- 
resonant inverters (see figure). The first 
stage acts as a feedback voltage-reg- 
ulating power supply for the second 
stage. In the event of an overload, this 
stage also provides current limiting. Op- 
erating at a frequency that varies in re- 
sponse to the difference between a 
rectified load voltage and a reference 
voltage (the feedback signal), the first 
stage feeds a correspondingly varying 
ac voltage to full-wave rectifier Dt 
through D 4 , which supplies power to 
the second stage. Operating at the 
fixed output frequency, the second 
stage generates the output voltage 
that is fed to the ac-distribution cable. 

The cable transmits power to multi- 
ple loads, one of which consists of the 
full-wave rectifier D 5 through D 8 , filter 
capacitor C L , and load resistor R L . A 
buffer amplifier samples the voltage 
across the cable for comparison with 
the reference voltage; this completes 
the voltage-control feedback loop. 
Another amplifier monitors the cable 
current to provide overload protection. 

The designs of the two stages are 
fairly standard except for two principal 
requirements. The char acteristic im- 
pedances Zf = yjTiJc] and Z 2 = 
V4/C 2 must be chosen so that the 
circuit can deliver a specified ac load 
current, l 2 , and the load current l 2 is 
momentarily limited to a specified 
safe value in the event of a short cir- 


cuit across the bus. 

Another advantage of this system 
is that it does not require a large ca- 
pacitor across the ac bus, such as that 
required in parallel resonant designs. 
The result is that the current load on 
the output stage of the two-stage 
series resonant inverter system is much 
less than that for a parallel resonant 
inverter system with equivalent power 
rating. 

This work was done by Thomas A. 


Stuart of the University of Toledo for 

Lewis Research Center. For further in- 
formation, write in 107 on the TSP Re- 
quest Card. 

This is the invention of a NASA em- 
ployee, and U. S. Patent No. 4,853,832 
has been issued to him. Inquiries con- 
cerning license for its commercial 
development may be addressed to the 
inventor, Mr. Thomas A. Stuart, 924 W. 
Wayne, Maumee, Ohio 43537. Refer to 
LEW-14916. 
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Making CoSi 2 Layers by Ion Implantation 

Monolithic photovoltaic batteries containing vertical cells would include buried CoSi 2 contact layers. 
Langley Research Center, Hampton, Virginia 
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VERTICAL-JUNCTION CELLS IN SERIES 


CoSI 2 

0.1 pm Thick 



Substrate DETAIL OF DEPOSITED LAYERS 



Vertical-Junction Photovoltaic Cells in Series would be fabricated in a monolithic 
structure. The n- and p-doped silicon layers would be deposited epitaxially. The CoSi 2 
layers, formed by ion implantation and annealing, would serve as thin, low-resistance 
ohmic contacts between cells. 


Layers of single-crystal CoSi 2 with 
low resistivities (about 1.2 x10~ 5 ii'Cm) 
can be formed by implantation of ener- 
getic Co + ions into Si substrates fol- 
lowed by annealing. The layers of CoSi 2 
can then be buried by subsequent epi- 
taxial deposition. The resulting hetero- 
epitaxial Si/CoSi 2 /Si structure would be 
the fundamental structural unit in a pro- 
posed monolithic photovoltaic battery in 
which cells with vertical junctions would 
be connected in series (see figure). 

Series-connected, vertical-junction pho- 
tovoltaic cells offer potential advantag- 
es of high power density and low series 
resistance. Heretofore, such batteries 
were fabricated by soldering together 
the metal contacts of individual cells. 
Soldering yields good connections but 
entails wide junction spacings and rela- 
tively thick metal contacts, with conse- 
quent loss of efficiency. To make the 
cells thin enough (10 to 20 pm thick) to 
minimize the effects of damage by radi- 
ation and to obtain the desired high 
efficiency, it would be necessary to fab- 
ricate a battery with the proposed mo- 
nolithic structure. 

The optimum conditions for fonnation 
of high-quality, low-resistivity CoSi 2 lay- 
ers were investigated in experiments in 
which Co + ions were implanted at vari- 
ous kinetic energies and dosages, the 
Si substrates were heated to various tem- 
peratures during deposition, and post- 
implantation annealing was performed 
at various temperatures for various times. 
The thickness of an implanted layer in- 
creases with the kinetic energy; for ex- 
ample, a kinetic energy between 150 
and 200 keV yields a layer 600 to 1,000 
A thick. Typical doses are the order of 
2x10 17 cm- 3 . For best results, implan- 
tation should be performed at a temper- 
ature of 350 to 400 °C. A typical anneal 
involves heating for 1 to 2 hours at a 
temperature of 700 to 1,000 °C. 

This work was done by Fereydoon 
Namavar of Spire Corp. for Langley 
Research Center. For further informa- 


tion, For further information, write in 

73 on the TSP Request Card. 

In accordance with Public Law 96- 

517, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to 


Michael W. O' Dougherty 
Spire Corporation 
One Patriots Park 
Bedford, MA 01730-2396 
Refer to LAR- 14604, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


Instrument Records and Plays Back Acceleration Signals 

Principal advantages are compactness, portability, and low cost. 


Lyndon B. Johnson Space Center, Houston, Texas 


The figure illustrates the electronic cir- 
cuitry of a small, battery-powered, hand- 
held instrument that feeds power to an ac- 
celerometer and records the time-varying 


component of the output of the accelerom- 
eter for 15 seconds in analog form. In com- 
parison with instruments that record ana- 
log signals on magnetic tape, this one is 


mechanically simpler and costs less. 

The heart of the circuit is an analog 
electrically programmable read-only mem- 
ory contained on a single complementary 


as 
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metal oxide/semiconductor integrated-cir- 
cuit chip in a 28-pin package. No power 
is needed to maintain the content of the 
memory; the memory chip can be removed 
after recording and stored indefinitely. The 
recorded signal can be played back at any 
time up to several years later. 

Power from a 27-V battery is supplied 
to the accelerometer through current-regu- 
lating diode D, , and to the recording/play- 


back circuitry through voltage regulator 
Q r The dynamic output of the accelerom- 
eter is coupled through capacitor C 2 , at- 
tenuated by resistors R 2 and R 3 , then fed 
to the memory-input terminal (pin 20 of 
Q 4 ). To enable the recording of the accel- 
erometer signal, switch S 3 must be in the 
"record” position. 

To begin recording, one momentarily 
pushes (opens) switch S 2 , causing the 


output voltage of the timer (pin 3 of Q 2 ) to 
go high and to remain high during a record- 
ing interval that depends on the values of 
R, and C,. These values are chosen to 
make the interval 1 5 seconds long, thereby 
allowing a 1 -second margin because the 
memory overflows at 16 seconds. 

The output of Q 2 is fed to transistor Q 3 , 
and the output of Q 3 is fed to terminals 
23 and 24 of Q 4 , through which the se- 


This Simple, 
Compact Circuit 

records and plays 
back accelero- 
meter signals on 
a 3.4-kHz pass- 
band for 15 s. 
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lected recording or playback function is 
controlled. While the output of Q 2 remains 
high, the output of Q 3 remains low, in 
which condition the memory records the 
incoming signal. When Q 2 reaches the 
end of its 15-second interval, output returns 
to the low state, causing the output of 0 3 
to go high and the memory to return to a 
standby mode, in which it retains the re- 
corded signal. 

For playback, S 3 must be placed in the 
“playback" position. As in the case of re- 
cording, playback is initiated by opening 
S 2 momentarily. The timing functions are 


the same as in recording. At the end of 
playback, the voltage on the EOD (end-of- 
data) line goes low; this transition serves 
as an EOD mark for the signal-processing 
equipment to which the playback is coupled. 

The ISD1 01 6 memory chip in this circuit 
can record and play back signals within 
a 3.4-kHz passband. Similar memory chips 
with narrower passband and longer record- 
ing interval, or wider passband and shorter 
recording interval, are also available. Chips 
can also be cascaded for longer record 
interval. 

This work was done by Richard J. 


Bozeman of Johnson Space Center For 

further information, write in 2 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
20], Refer to MSC-22008 


Optically Addressable Spatial Light Modulators 

Multiple-quantum-well structures are integrated with asymmetric Fabry-Perot etalons. 
NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Optically addressable spatial light modu- 
lators are being developed with molecular- 
beam-epitaxy engineered III— V material 
and structures. Strong photo-optic effects 
are achieved from exciton quenching with 
periodically doped multiple-quantum-well 
structures. These photo-optic layers are in- 
tegrated with an asymmetric Fabry-Perot 
cavity to achieve an optically addressed 
modulator, which operates at normal inci- 
dence in the normally-off reflection mode. 
The read-beam wavelength \ R must be 
close to the exciton resonant wavelength 
(for maximum photo-optic effect), and the 
write wavelength X w , shorter by some A x 
but still larger than the host-material (GaAs) 
absorption edge. 

The figure shows a typical device of this 
type. A distributed Bragg reflector in the 
form of alternating layers of AlAs and GaAs 
is deposited on a GaAs substrate, and con- 
stitutes the highly reflective bottom mirror 
of the asymmetric Fabry-Perot etalon. A 
multiple-quantum-well structure in the form 
of alternating layers of InGaAs and GaAs 
with n and p Moped layers (doping at ex- 
tremely high concentrations in extremely 
thin layers) is formed atop the distributed 
Bragg reflector. The interface between air 
and GaAs at the top surface of the device 
constitutes the partly reflective top mirror 
of the asymmetric Fabry-Perot etalon. 

The parameters of the device are chosen 
so that when absorption of light in the inter- 
vening layers is taken into account, interfer- 
ence between reading-beam light reflected 
from the top mirror and reading-beam light 
reflected from the bottom mirror results 
in zero net reflection of the reading beam 
in the absence of the writing beam. The 
parameters of the device are also chosen 
so that the writing beam can cause a 
change in the absorption of the reading 
beam through enhanced photo-optical ef- 
fects in the multiple-quantum-well struc- 
ture. This change upsets the balance be- 
tween the interfering reflected portions of 
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The Integrated 
Multiple- 
Quantum- 
Well/Fabry-Perot 

structure provides 
for high-contrast 
variation of the 
reflection of the 
reading beam, 
under the control 
of the writing 
beam. The periodic 
potential barriers of 
the quantum-well 
structure separate 
photogenerated 
electrons from 
holes, leading to 
long recombination 
lifetimes and large 
concentrations of 
free charge carries. 
These concentra- 
tions quench exci- 
tons or fill energy 
bands in the quan- 
tum wells, thereby 
altering the 
absorption of the 
reading beam. 


the reading beam, effectively turning on 
an output beam in the form of a net reflec- 
tion of the reading beam. 

A prototype of the device was fabricated 
and tested. It included a 14 ’/ 2 -period distrib- 
uted Bragg reflector designed for a center 
wavelength (X c ) of 1 ,020 nm, and a 1 4- 
period quantum-well structure. A mono- 
chromator generated reading beam (k R = 
1 ,01 8 nm) and a laser-write beam (\ w = 
920 nm) were used. In the absence of the 
write beam, the read beam was reflected 


0.5 percent; when the flux density of the 
writing beam was about 100 mW/cm 2 , the 
reading beam was reflected 34.3 percent. 
These figures indicate an insertion loss of 
4.6 dB when the writing beam is on and 
an on/off contrast ratio > 60. 

This work was done by Joseph Maser jian 
and Anders G. Larsson of Caltech for 
NASA's Jet Propulsion Laboratory For 
further information, write in 70 on the 
TSP Request Card. 

NPO-18689 


Electronic Systems 



Software for Management of a Packet-Radio Network 

Techniques of simulation, artificial intelligence, and computer graphics are utilized. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


Computer programs are being de- 
veloped to assist technical personnel in 
planning, monitoring, and controlling the 
resources of the Range Applications 
Joint Program Office (RAJPO) Datalmk 
network, which is a developmental L- 
band packet -radio network for com- 
munication between a central control 
station on the ground and instrument- 
ed aircraft flying over a test range. The 
aircraft derive navigational data from 
satellites of the Global Positioning Sys- 
tem, and the primary function of the Da- 
talink network is to feed GPS position 
data from participating aircraft into the 
control center in real time (see Figure 1 ). 

By use of a time-division multiple-ac- 
cess allocation scheme, the Datalink 
network can accommodate 200 partic- 
ipating aircraft simultaneously at a max- 
imum data rate of ten 736-bit packets 
per aircraft per second. The network fea- 
tures frequency diversity (to overcome 
multipath interference) and spatial di- 
versity (to overcome blocking of line-of- 
sight reception by terrain). In addition, 
each aircraft participates in a dynamic 
tree-structured routing scheme in which 
it occasionally acts as a communica- 
tion relay between more-distant aircraft 
and the control station. 

The development of the network-man- 
agement software is guided by the re- 
sults of simulations conducted on an 
older Datalink-network-simulation pro- 
gram. That program answers “what-if" 
questions about the behavior of the 
network but offers limited capabilities 
for real-time analysis of causes and ef- 
fects or for the prediction of network 
routing behavior. Utilizing a combina- 
tion of simulation, artificial-intelligence, 
and computer-graphical techniques, the 
developmental software is being de- 
signed to overcome these limitations so 
that it can assist a network planner or 
analyst in answering hypothetical ques- 
tions and analyze the performance of 
the network in real time. 

The network-management activities 
of the developmental software can be 
divided into three basic categories: fault 
management, performance management, 



Figure 1. The Datalink Network is a packet-message network that features time-division 
multiple access, frequency and spatial diversity, and a dynamic tree-structured routing 
scheme. 



Figure 2. The Network-Management Software is being developed to assist in planning, 
monitoring, and controlling the resources of the Datalink network. 
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and operator-interface management. The 
software is divided into corresponding 
modules. In addition, the software in- 
cludes a module that performs real- 
time situation analysis (see Figure 2). 
The real-time situation-analysis module 
serves a dual purpose. Firstly, it serves 
as a buffer to isolate the real-time sys- 
tem (the Datalink network) from the net- 
work-management software so that the 
various analysis modules can operate 
by continuously looking at prioritized 
agendas without the need for concern 
about the time dependencies involved. 
Secondly, and more importantly, the situ- 
ation-analysis module translates the raw 
data into higher-level representations. 
In particular, three useful levels have 
been identified: (i) the low-level net- 
work information (packet headers and 
the like), (ii) quantitative summaries of 
network behavior (traffic statistics, rout- 
ing trees, and the like), and (iii) a quali- 
tative context level of representation. 
This identification of different levels of 
representation is the key component in 
developing a complex network-man- 
agement system. 

The three other modules operate off 
the real-time situation -analysis mod- 
ule. The fault-diagnosis module uses a 
set of rules written at the context level 
to monitor network events and deter- 
mine whether there are any potential 
faults. Potential faults are then exam- 
ined in more detail to determine likely 
causes. At this point, many false alarms 
can be expected to be eliminated; e.g., 
losses of packets because of normal 
network operations. Remaining faults 
can be correlated and prioritized prior to 
being handed over to the operator-in- 
terface module. The performance mod- 
ule is primarily algorithmic, monitoring 
network-traffic statistics at the qualita- 
tive level. However, once adverse per- 
formance is detected, context-level rules 
can be used to represent constraints 
and provide advice to the operator, via 
the operator-interface module. 

The operator-interface module uses 


a mix of context-level and quantitative 
summary information to provide a real- 
time "snapshot" of network activities to 
the operator via graphical displays. The 
interface also uses context-based rules 
to represent constraints that filter the op- 
erator keyboard input and provide feed- 
back as to whether a particular com- 
mand may or may not be appropriate. 

The operator-interface module uses 
some context-level rules to control the 
nature of the display shown to the oper- 
ator. For example, a mission goes through 
various sequential phases such as 
startup, initialize, shutdown, and the like. 
It is clearly inappropriate to display the 


same information (such as traffic statis- 
tics) during these various phases; hence, 
the display is actively changed in re- 
sponse to the context. This is the key 
factor in the design of the system; 
namely, that the system operates in a 
context-dependent manner, in which 
the system actively tracks the context 
of the network in real time. 

This work was done by Patrick J. 
Smyth, Todd H. Chauvin, Gordon P. 
Oliver, and Joseph I. Statman of Cal- 
tech for NASA's Jet Propulsion Lab- 
oratory. For further information, write 
in 7 on the TSP Request Card. 

NPO- 18646 


Neural-Network Modeling of Arc Welding 

Weld-bead parameters can be estimated from equipment parameters and vice versa. 
Marshall Space Flight Center, Alabama 


Artificial neural networks are being 
considered for use in monitoring and con- 
trolling gas/tungsten arc-welding proc- 
esses. In a typical application, a neural 
network would implement a mathe- 
matical model that would estimate 
principal parameters of the weld bead 
(e.g., width and depth of penetration), 
given such equipment parameters as the 
thickness of the workpiece, arc current, 


arc length, voltage, and speed of travel 
of the arc along the workpiece. Alter- 
natively, a neural network would imple- 
ment an inverse mathematical model 
that would estimate the equipment pa- 
rameters needed to obtain the desired 
weld-bead parameters. 

The advantage afforded by neural 
networks is computational efficiency; a 
neural network of relatively few nodes 


can be made to implement a highly 
nonlinear or even unknown approxi- 
mate mathematical model, provided 
that enough input/output pairs of train- 
ing data and a suitable training algo- 
rithm are available. In principle, a neural 
network of modest complexity that is 
implemented on a personal computer 
could set equipment parameters from 
a given set of weld-bead parameters, 
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A Relatively Simple Artificial Neural Net- 
work, using 4 welding equipment parame- 
ters as inputs, can estimate 2 critical weld- 
bead parameters within 5 percent. 


with accuracy and speed greater than 
those of other computing systems. 

An artificial neural network includes 
a number of input terminals, a layer of 
output nodes (analogous to output neu- 
rons), and one or more “hidden” layers 
of nodes (analogous to neurons) be- 
tween the inputs and the output nodes. 
Each node in each layer is connected 
to one or more nodes in the preceding 
or following layer, possibly to an output 
terminal, and possibly to one or more 
input terminals. The connections are via 
adjustable-weight links analogous to 
variable-coupling-strength neurons. The 
output of each node is a sigmoid func- 
tion of a thresholded or offset sum of its 
inputs. Before being placed in operation, 
the neural network must be trained 
by iteratively adjusting the connection 
weights and offsets, using pairs of 
known input and output data, until the 
errors between the actual and known 
outputs are acceptably small. 

The figure illustrates a 4-input, 2-out- 
put neural network with a single 10- 
node hidden layer that was implemented 
by computer simulation to demonstrate 
the feasibility of a neural network for es- 
timating weld-bead parameters from 
equipment parameters. The network was 
trained with equipment and weld-bead 
parameters obtained empirically from 
1 0 argon/tungsten arc welds on 2 mild- 
steel plates of different thicknesses. 
The network was then tested by using 
input (equipment) parameters that had 
not been presented to it during train- 
ing, and found to estimate weld-bead 
parameters within 5 percent of their 
correct values. In another simulation, a 
similar three-input, three-output network 
was trained to estimate the required 
travel speed arc current and arc length 
given the thickness of the workpiece 
and the width and depth of penetration 
of the weld bead. In this case, the esti- 
mated equipment parameters deviated 
from the correct values by less than or 
approximately equal to 20 percent. 

This work was done by Kristinn 
Anderson, Robert J. Barnett, James F. 
Springfield, George E. Cook, Alvin M. 
Strauss, and Jon B. Bjorgvinsson of 
Mid-South Engineering Inc., for Mar- 
shall Space Flight Center For fur- 
ther iniormation, write in 82 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight Center 
[see page 20]. Refer to MFS-26209 
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Apparatus Translates Crossed-Laser-Beam Probe Volume 

Repeated tedious realignments are no longer necessary. 

Langley Research Center, Hampton, Virginia 


An optomechanical apparatus translates 
the probe volume of a crossed-beam laser 
velocimeter or similar instrument while 
maintaining the optical alignment of the 
beams. The instrument can thus be used 
to measure the velocity, pressure, and 
temperature of a flowing gas at several 
locations, without having to perform time- 
consuming realignment of its optical train 
at each location. 

The optomechanical apparatus was de- 
signed to accommodate a stimulated- 
Raman-gain spectrometer for noninvasive 
measurement of local conditions in the 
flowing gas in a supersonic wind tunnel. 
The apparatus can also be adapted to 


other techniques, like coherent anti-Stokes 
Raman spectroscopy, that involve the use 
of laser beams crossed at small angles 
(10° or less). 

In stimulated-Raman-gain spectroscopy, 
two separate laser beams — the pump 
beam and the probe beam — are made 
to intersect in a small probe volume, where 
a measurement is to be made. The two 
beams interact via the probed gas in such 
a manner that energy is transferred from 
one beam to the other. The exact nature 
of the interaction depends on the condi- 
tions of the gas in the probe volume: the 
spectrum of the return Raman signal de- 
pends on the pressure, temperature, and 


velocity in the probe volume. 

The pump and probe beams are gen- 
erated by lasers and aimed in parallel at 
fixed mirror 1 , which reflects them to mir- 
ror 2 on translating platform 1 (see figure). 
The parallel beams are separated by about 
one beam diameter (1 cm). 

Lens 1 on translating platform 1 focuses 
the beams so that they cross in the desired 
probe volume, which is about 1 cm long 
and 100 in diameter. Lens 2 on trans- 
lating platform 2 recollimates the beams. 
A beam dump absorbs the pump beam. 
A corner-cube retroreflector returns the 
probe beam through the probe volume and 
the rest of the optical train to mirror 1 . Mir- 
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To Move the Probe Volume up or down, the translating platforms are moved equal distances 
on their posts. When the apparatus is properly aligned and conditions in the probe volume 
are constant, no change is detectable in the Raman signal when the probe is translated 
to a new position within an overall range of 30 cm. 


ror 3 picks off this return probe beam, di- 
recting it to a photodetector. 

The optical system is initially aligned 
with the translating platforms in a reference 


position. Thereafter, the probe volume can 
be translated vertically by simply moving 
both translating platforms identical dis- 
tances up or down on the posts. The plat- 


form-and-post subassemblies are com- 
mercial linear translators that can be set 
to an accuracy of ±1 /tm per cm of travel. 

For proper operation, it is essential that 
the posts be accurately parallel and that 
the probe and pump beams also be ac- 
curately parallel to each other and to post 
1 after initial reflection from mirror 1 . The 
incoming probe and pump beams must be 
nearly collimated, with the same diver- 
gence and diameter. Finally, the distance 
between lens 1 and lens 2 must be careful- 
ly adjusted to ensure that the retroreflected 
probe beam is focused at the sample 
volume. 

This work was done by Gregory C. 
Herring, Bruce W. South, and Reginald J. 
Exton of Langley Research Center No 

further documentation is available. 
LAB-14833 
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Insulating Blankets Withstand Higher Temperatures 

Refractory threads help quilted blankets survive temperatures up to 2,000 °C. 

Ames Research Center, Moffett Field, California 



Silicon Carbide Threads are stitched from opposite sides of the blanket in a quilt pattern. 
The overall thickness of a typical blanket is only about 2.3 centimeters. 


Thermal-insulation blankets of an ad- 
vanced type can withstand repeated ex- 
posure to temperatures up to 2,000 °C. 
The blankets are thin, light in weight, and 
flexible. They were developed to protect 
proposed aerospacecraft like the Aeroas- 
sisted Space T ransfer Vehicle and the Na- 
tional Aerospace Plane, which are expect- 
ed to be exposed to temperatures higher 
than those on the surface of the Space 
Shuttle during reentry into the atmosphere 
of the Earth. These blankets may also prove 
useful as furnace insulation and in fire- 
fighters’ clothing. 

Sewing threads made of silicon carbide 
yarn are essential components of the blan- 
kets. These threads resist temperatures 
greater than those resisted by the silica 
threads used previously, and can readily 
be sewn by machine to quilt the many 
layers of the blanket. The thread with- 
stands heat fluxes up to 37 W/cm 2 without 
breaking, kinking, doubling, or twisting. 

A typical blanket of this type contains 
between 9 and 30 reflective layers of alu- 
minum foil or aluminum film deposited on 
polyimide film, alternating with separating 
layers of aluminoborosilicate scrim cloth, 


aluminoborosilicate felt, or polyimide. Atyp- 
ical blanket also contains a layer of silica 
felt or aluminoborosilicate insulation. All of 
the aforementioned layers are quilted to- 
gether between silicon carbide fabric (for 
the hotter side) and aluminoborosilicate 
fabric (for the cooler side) (see figure). 

This work was done by D. A. Kourtides, 
IV. C. Pitts, H. E. Goldstein, and P. M. 
Sawko of Ames Research Center. For 


further information, write in 28 on the 
TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,038,693). In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Ames Research Center [see page 
20]. Refer to ARC-11907 


Pyrrole-Based Conductive Polymers for Capacitors 

Thin films of large area and high volumetric capacitance have been prepared. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


Polypyrrole films that contain various 
dopant anions have been found to exhibit 
superior capacitance characteristics. To- 
gether with the ability to be used with non- 
aqueous electrolytes, these characteris- 
tics make polypyrrole a candidate for use 
in advanced electrochemical double-layer 
capacitors that would be capable of stor- 
ing electrical energy at high densities. (As 
used here, "double layer” denotes the two 
oppositely electrically charged layers that 
can be formed at the interface between 
an electrical conductor and an electrolyte.) 
In particular, mechanically robust polypyr- 
role films with areas up to 50 cm 2 , con- 
taining 2-naphthalene sulfonate (NSA) neg- 
ative counterions, have been prepared 
galvanostatically (see Figure 1) and found 


to have a volumetric capacitance of about 
300 F/cm 3 . Capacitors made of films of 
this type could be used, for example, in 
automobiles and pulsed power supplies. 

The galvanostatic procedure for the de- 
position of polypyrrole films was demonstrat- 
ed in several experiments, each of which 
was performed in 700 mL of an aqueous 
solution that contained 0.02 M sodium salt 
of the desired counteranion and 0.1 M pyr- 
role. The counterions included sodium 
2-naphthalene sulfonate (NaNSA), sodium 
poly(p-styrenesulfonate) (NaPSS), and so- 
dium dodecyl benzene sulfonate (NaDBS). 

Figure 1. Polypyrrole Film Doped With NSA 

is formed galvanostatically in this sequence 
of oxidative polymerization reactions. 



Notes: 

1. The negative 2 -naphthalene 
sulfonate (NSA) ion, (also 
denoted as 2-C10H7SO3 - ) 
is contained in the pores of 
the polymer film but not 
attached to the polymer. 

2. n is an integer. 
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In each experiment, a well-polished stain- 
less steel, glassy carbon, or platinum 
working electrode was used, and nickel 
gauze (symmetrically positioned about the 
working electrode) was used as the coun- 
terelectrode. The films were grown at a 
current density of 45 //A/cm 2 

The cyclic voltammetric behaviors of 
the films on 0.01 cm 2 glassy carbon and 
platinum electrodes were studied in 
aqueous solutions that contained the dop- 
ants. Particularly noteworthy are the dif- 
ferences between the cyclic voltammetric 
behaviors of films doped with NSA and 
DBS (see Figure 2). Apart from the poten- 
tials at which the peaks for the doping and 
undoping occur, the essential difference 
lies in the behaviors of the films when ox- 
idized. The curve pertaining to the film 
doped with NSA indicates capacitive be- 
havior at 0.5 to 0.6 V, but the curve per- 
taining to the film doped with DBS shows 
no such behavior: instead, the curve in- 
cludes a linear portion characteristic of 
diffusion-controlled behavior. 

The capacitive behavior of the polypyr- 
role film doped with NSA has been at- 
tributed mainly to the double-layer capaci- 
tance and to the porosity of the polypyr- 
role. The absence of any capacitive 
behavior of DBS-doped polypyrrole film in 
aqueous solutions may be due to the 
blockage of the pores of the polypyrrole 
by the bulky negative DBS counterions. 



Figure 2. These Cyclic Voltammetric Curves of doped polypyrrole films were measured in 
aqueous solutions that contained the dopant ions. 


This work was done by Ganesan 
Nagasubramanian and Salvador Di 
Stefano of Caltech for NASA’s Jet Pro- 


pulsion Laboratory. For further informa- 
tion, write in 23 on the TSP Request 
Card. NPO-18582 
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Guanidine Soaps as Vehicles for Coating Ceramic Fibers 

Metal or oxide films can be deposited on smooth surfaces. 

Lewis Research Center, Cleveland, Ohio 


Soaps made from the strong organic 
base guanidine [(NH 2 ) 2 C:NH] and organic 
fatty acids serve as vehicles and binders 
for coating ceramic fibers, various smooth 
substrates, and other problematic surfaces 
with thin precious-metal or metal-oxide 
films. Such films are needed, for example, 
to serve as barriers to diffusion in fiber/ 
matrix ceramic composite materials. So- 
dium soaps are not suitable for the deposi- 
tion of such films because they leave so- 
dium-ash residues after firing. Sodium ash 
and other metal residues are undesirable 
because they degrade the strengths of 
many ceramics at high temperatures. How- 
ever, guanidine soaps are entirely organic 
and can be burned off, leaving no residues. 

In one example of this method of coat- 
ing, a layer of platinum 3 firr\ thick was ap- 
plied to a single-crystal alumina fiber of 
0.005 in. (0.1 3 mm) diameter. First, the bare 
fiber was pulled through a molten mixture 
that consisted of the vehicle, guanidine 
2-ethyl hexanoate, and a platinum precur- 
sor, guanidine hexachloroplatinate. After 
the fiber had been pulled through melt, the 
solidified mixture bonded to the fiber. The 
fiber thus coated was then fired at a tem- 


The Alumina Fiber Was Coated With Platinum by first coating the alumina fiber with 
a mixture of guanidine 2-ethyl hexanoate and guanidine hexachloroplatinate, then heating 
the coated fiber at 1,200 °C to burn off organic material. 
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perature of 1 ,200 °C to burn off the organic 
materials, leaving the platinum coat on the 
fiber (see figure). If a thicker coat had been 
desired, the process could have been 
repeated. 

In another example, a single-crystal alu- 
mina fiber was coated with the refractory 
oxide zirconia. In this case, the fiber was 


Jaskowiak of Lewis Research Center. 

For further information, write in SO on 
the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Lewis 
Research Center [see page 20], Refer to 
LEW-15314 


Making 
Diamondlike 
Films More 
Transparent 

A dual-ion-beam process 
produces hard, 
adherent films. 

Lewis Research Center, 
Cleveland, Ohio 

Diamondlike carbon films that are 
highly transparent to visible light (wave- 
lengths from 0.38 to 0.7 pm) can be made 
by a dual-ion-beam deposition process. 
The films are hard, resistant to scratch- 
ing, and hermetic. They could be used 
as protective coatings on eyeglasses, 
magnetic recording heads, computer hard 
disks, and windows in bar-code scan- 
ners. Amorphous diamondlike carbon 
films are preferable to polycrystalline 
diamond films in these and other appli- 
cations: unlike polycrystalline films, they 
are smooth and adherent and can be 
deposited at room temperature. 

In the dual-ion-beam process, two 
sources generate ion beams of different 
ion-beam energies and current densities. 
Methane is introduced into the discharge 
chamber of the primary source, and the 
ionized fragments of the methane mol- 
ecules are accelerated to a kinetic en- 
ergy of 125 eV. Hydrogen is introduced 
into the secondary discharge chamber, 
and the hydrogen ions generated there 
are accelerated to a kinetic energy < 
125 eV. The two species react in vacu- 
um to deposit amorphous diamondlike 
carbon on a substrate. 

The film thus produced exhibits a visi- 
ble-light transmittance greater than those 
of diamondlike carbon films produced by 
plasma or other ion-beam single-source 
deposition techniques. A film 1,000 A thick 
produced by this technique was found to 
have a transmittance of 0.85 at a wave- 
length of 0.5 pm, while the best transmit- 
tance of any film of the same thickness 
made by any of the other techniques 
was found to be 0.64. 

This work was done by Michael J. 
Mirtich, Michael T. Kussmaul, James S. 
Sovey, and Bruce A. Banks of Lewis 
Research Center For further informa- 
tion, write in 9on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center [see page 20], 
Refer to LEW- 15322. 


first passed through a slurry of zirconium 
dioxide particles suspended in the molten 
vehicle, guanidine 2-ethyl hexanoate. After 
the fiber was removed from the melt, it was 
fired at a temperature of 1 ,500 °C to burn 
off organic material and density the zir- 
conia coat. 

This work was done by Warren H. 
Philipp, Lisa C. Veitch, and Martha H. 
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Use your power 
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create an animation - annotate it - move 
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Get it all together 

Over 140 modules are bundled with IRIS 
Explorer to read, sample, transform and 
display data. IRIS Explorer also contains 
powerful tools which make writing your 
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When you’ve got your application the way 
you want, you can deliver it as a stand- 
alone solution. IRIS Explorer makes it 
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interface by choosing the control widgets 
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Computer Programs 


COSMIC: Transferring NASA Software 
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reasonable cost from COSMIC, a facility 
sponsored by NASA to make computer pro- 
grams available to the public. For information 
on program price, size, and availability, write 
in the reference number on the TSP and 
COSMIC Request Card in this issue. 


© Mathematics and 

Information Sciences 


Image-Processing Program 

IMAGEP manipulates digital 
image data to effect various 
processing, analysis, and 
enhancement functions. 

IMAGEP is a FORTRAN computer pro- 
gram that performs various image-proc- 
essing, -analysis, and -enhancement 
functions. It is a keyboard-driven pro- 
gram organized into nine subroutines. 
Within the subroutines are sub-subrou- 
tines that are also selected via keyboard. 

Some of the functions performed by 
IMAGEP include digitization, storage, and 
retrieval of images; enhancement of im- 
ages by contrast expansion, addition and 
subtraction, magnification, inversion, and 
bit shifting; display and movement of cur- 
sor; display of gray-level histogram of 
image; and display of the variation of 
gray-level intensity as a function of posi- 
tion in the image. This algorithm has pos- 
sible scientific, industrial, and biomedical 
applications in the study of flows in mate- 
rials, analysis of steels and ores, and 
pathology, respectively. 

IMAGEP is written in VAX FORTRAN 
for DEC VAX-series computers running 
VMS. The program requires the use of a 
Grinnell 274 image processor, which can 
be obtained from Mark McCloud Asso- 
ciates, Campbell, CA. An object library of 
the required GMR-series software is 
included on the distribution medium. 
IMAGEP requires 1 Mb of random- 
access memory for execution. The stan- 
dard distribution medium for this pro- 
gram is a 1,600-bit/in. (630-bit/cm), 9- 
track magnetic tape in VAX FILES- 11 for- 
mat. It is also available on a TK50 tape 
cartridge in VAX FILES-11 format. This 
program was developed in 1991. 

DEC, VAX, VMS, and TK50 are trade- 
marks of Digital Equipment Corp. 

This program was written by D. J. 
Roth and D. R. Hull of Lewis Research 
Center, For further information, write in 
13 on the TSP Request Card. 

LEW-15370 


For More Information Write In No. 563 
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New Testing Tool for Composite Interfaces 

Strength of fiber/matrix interface is key factor. 

Lewis Research Center, Cleveland, Ohio 



The Desktop Fiber Pushout Apparatus generates load and acoustic-emission (sound- 
wave) data as a function of translation-table displacement. The video camera gives a 
view of the specimen. 


Researchers at NASA Lewis Research 
Center are developing new lightweight, 
high-temperature, fiber-reinforced com- 
posite materials for use in future genera- 
tions of jet engines. These new materials 
will lead to lighter, cleaner-burning engines. 
While much of the development effort is 
focused on independently improving the 
properties of the reinforcing fibers and the 
surrounding matrix, it turns out that the 
mechanical strength of the interface 
between the fibers and matrix is a key fac- 
tor in the overall strength and toughness of 
the composite material. This dependence 
on interfacial properties opens the opportu- 
nity for interfacial engineering to optimize 
the composite properties. 

Any attempt to tailor the strength of the 
fiber/matrix interface requires a microme- 
chanical test, which evaluates that 
strength. To fulfill this need, a desktop 
fiber-pushout apparatus was developed. 
A schematic of the apparatus is shown in 
the accompanying figure. 

The simple concept behind the test is to 
use a small-diameter pushrod (typically, 
100-pm diameter) to displace an individual 
fiber in a thin slice of composite material. A 
channel in the sample-support plate allows 
the other end of the fiber to exit the mater- 
ial without resistance. The force required to 
displace the fiber and the force required to 
continue moving the fiber against frictional 
resistance are recorded; these values are 
important to composite designers. 

In addition to recording fiber debonding 
and sliding loads, a microscope and video 
camera provide real-time observations of 
the motions of the pushrod and fiber. 
Additional characterization of the fiber 
debonding is performed by analyzing the 
acoustic (sound) waves generated as the 
fiber/matrix interface is fractured. 

The apparatus is compact, easy to 
operate, and inexpensive. This test has 
been applied to, and found appropriate 


for a wide range of composites, including 
metal, intermetallic, and ceramic matrix 
composites, and is not restricted to aero- 
space/aeronautics applications. 

This work was done by Jeffrey I. 
Eldridge of Lewis Research Center. For 
further information write in 104 on the 


TSP Request Card. 

Inquires concerning rights for the com- 
mercial use of this invention should be 
addressed to the Patent Counsel, Lewis 
Research Center [see page 20], Refer to 
LEW-15297. 


Passive Vibration Isolator for Experiments 

Elastomeric suspension suppresses low-frequency vibrations. 
Marshall Space Flight Center, Alabama 


A passive isolator reduces the natural 
vibrational frequency of a platform to less 
than 1 Hz — well below the frequenciesof 


vibration induced by human activity (about 
3 Hz). Biological, crystal-growth, and other 
experiments mounted on the platform are 


therefore protected against disturbances 
by technicians working in the vicinity. The 
passive vibration isolator is designed for 
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Twisted Elastomeric Loops provide vibration isolation b between the platform and the frame. Half disks lock the platform to the frame 
when it is not in service. 


use in the microgravitational environment 
of a spacecraft; a modified version might 
be designed for use on Earth by including 
components that counteract the steady 
normal Earth gravitation. 

Unlike such active isolators as systems 
that employ magnetic fields and servo 
loops, this passive vibration isolator con- 
sumes no electrical power and is simple 
and inexpensive. This isolator includes a 
frame from which the platform is sus- 
pended by four elastomeric strips made 
from ordinary rubberbands (see figure). 

Each elastomeric strip is anchored in 
the frame, twisted, and pinned to the plat- 
form in a configuration that ensures that 
the strip (1) flexes, rather than stretches, 
and (2) isolates the platform approximately 


equally against vibrations in all three per- 
pendicular directions. The configuration 
provides symmetrical restoring forces that 
counteract the displacement of the plat- 
form from a nominal central position and 
orientation. In addition, each elastomeric 
strip cushions the platform against large 
transient accelerations because it stiffens 
when either its upper or lower segment 
bumps against the frame. Finally, the flex- 
ure of the strips absorbs energy and 
quickly damps vibration. 

The overall stiffness of the elastomeric 
suspension at the central position and ori- 
entation is about 8,000 dyn/m. For a 1 -kg 
bad, this stiffness results in a natural vibra- 
tional frequency of about 0.5 Flz. 

The platform can be locked to the frame 


for loading, unloading, maintenance, 
adjustment, and other purposes. To lock 
the platform, four grooved half disks on 
the frame are rotated so that the grooves 
in their circular edges engage the edge of 
the platform. To release the platform, the 
disks are rotated so that their flat edges 
face the edge of the platform. 

This work was done by Robert J. 
Naumann of the University of Alabama for 
Marshall Space Flight Center. For fur- 
ther information, write in 41 on the TSP 
Request Card. 

Inquiries concerning rights for the com- 
mercial of this invention should be 
addressed to the Patent Counsel, 
Marshall Space Flight Center [see page 
20], Refer to MFS-26208. 


High-Temperature Resistance Strain Gauges 

Apparent strain (attributable to temperature) is low and highly reproducible. 
Lewis Research Center, Cleveland, Ohio 


Resistance strain gauges have been 
developed for use at high temperatures 
in such demanding applications as test- 
ing aircraft engines and structures. Whereas 
prior commercial resistance strain 
gauges could not operate at tempera- 
tures beyond 400 °C, the new gauges 
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measure static strains at temperatures 
up to 800 °C. Moreover, whereas the ap- 
parent strains (spurious gauge outputs 
attributable to changes in temperature 
rather than strains) of the prior gauges 
included large components that were not 
reproducible from cycle to cycle, the ap- 


parent strains of the new gauges are 
small and highly reproducible; conse- 
quently, the readings of the new gauges 
can be corrected for temperature within 
small tolerances, provided that tempera- 
tures are measured simultaneously by 
thermocouples or other suitable devices. 
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Figure 1. This Temperature-Compensated Pd/Cr Strain Gauge is connected in a wheat- 
stone bridge. The bridge is balanced at room temperature by appropriate adjustments of 
R B , R v and R 2 . 


Figure 1 shows a representative gauge 
of the new type, along with a wheat- 
stone bridge circuit in which it is used. 
The gauge wire, made of an alloy of 87 
weight percent palladium and 13 weight 
percent chromium, has a diameter of 25 
pm and a nominal resistance of 120 £2. 
Because the Pd/Cr alloy has a high tem- 
perature coefficient of resistance, a tem- 
perature-compensating wire of Pt with a 
diameter of 25 pm and a nominal resis- 
tance of 1 5 £2 is included. Lead wires of 


the Pd/Cr alloy, 76 pm in diameter, are 
spot-welded to the gauge and compen- 
sating wires. 

Prototype gauges were mounted on 
nickel-base high-temperature-alloy cou- 
pons and test beams. Some gauges 
were held in place with high-tempera- 
ture ceramic cements and coated with 
alumina-based mixtures, which protect 
against oxidation and shorting to ground 
at temperatures up to 600 °C. Other 
gauges were not cemented but instead 
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were coated with flame-spray powders 
to prevent oxidation of the fine gauge 
wires at temperatures up to 800 °C. 
Rrst, an alumina base coat was flame- 
sprayed onto each bare gauge. Then a 




Figure 2. The Apparent Strain of a temperature-compensated Pd/Cr strain gauge was measured in two thermal cycles. As shown in the 
right plot, the apparent strain of this gauge is much smaller than that of three other high-temperature strain gauges. 
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powder mixture of alumina with 4 weight 
percent zirconia was flame-sprayed to 
form a protective overcoat. 

In preparation for a test, a gauge of 
the new type was mounted on a test 
beam and prestabilized by maintaining 
the gauge and beam at a temperature of 
800 °C for 50 hours. During the test, 
which involved two thermal cycles, the 
range of variation of the apparent strain 
was found to be less than 250 micro- 
strain, and the apparent strain was found 


to be reproducible within 50 microstrain 
at each temperature. The apparent strain 
of this gauge was much smaller than 
that of three other, commercially avail- 
able Fe/Cr/AI-based high-temperature 
strain gauges (see Figure 2). 

This work was done by Jih-Fen Lei of 
Sverdrup Technology, Inc., for Lewis 
Research Center. For further informa- 
tion, write in 43 on the TSP Request 
Card. Further informatbn containing ad- 
ditional details may be found in NASA 


CR- 185256 [N90-26063], “A Resistance 
Strain Gage With Repeatable and Can- 
cellable Apparent Strain for Use to 
800 °C.” 

Copies may be purchased [prepay- 
ment required] from the National Tech- 
nical Information Service, Springfield, 
Virginia 22161, Telephone No. (703) 
487-4650. Rush orders may be placed 
for an extra fee by calling (800) 336- 
4700. 

LEW- 15379. 


Suspension System Provides Independent 
Translation and Rotation 

Spring tines govern motion of mounted object. 

Langley Research Center, Hampton, Virginia 


A spring suspension provides one 
translational and one rotational degree of 
freedom. The suspension can be used, 
for example, to provide for pitching and 
plunging movements of an airfoil in a 
wind tunnel. 

The translational freedom is provided by 
two thin, flat steel spring tines, clamped at 


one end to a stationary block fixed to 
the ceiling of the wind tunnel, and clamped 
to a movable block at the other end (see 
figure). This combination of spring tines 
and blocks' constitutes a spring analog 
of a parallelogram linkage, in which the 
bending of the tines allows only transla- 
tion (but not rotation) of the movable 


block. The stiffness of the tines against 
translation of their ends is four times what it 
would be in the purely cantilevered state 
(movable ends not clamped to the block). 
The tines are also very stiff against twisting, 
which would interfere with the rotational 
degree of freedom if it were allowed to 
occur. 

The stiffness of a tine depends on its 
thickness, length, width, and material. The 
effective stiffness of the tines and, con- 
sequently, the resonant frequency of vi- 
bration of the movable block and what- 
ever is mounted on it can be varied over a 
moderate range by adjusting the posi- 
tion of the movable plate on the tines 
with the help of the setscrews. 

The rotational degree of freedom is 
governed by a single tine attached to a 
set of three pins. The aft and middle pins 
are attached firmly to the movable block. 
The forward pin and middle pins are at- 
tached to the airfoil or other suspended 
object — the former by a bearing and the 
latter by a firm, fixed connection. The airfoil 
or other object can thus rotate about the 
middle pin. As in the case of translation, 
the stiffness against rotation depends 
on the thickness, length, width, and 
material of the rotational spring tine. 

This work was done by Jennifer Heeg 
of Langley Research Center. Further 
information may be found in NASA TP- 
324 1 (N93-20584), 'Analytical and Ex- 
perimental Investigation of Flutter Sup- 
pression by Piezoelectric Actuation." 

Copies may be purchased (prepayment 
required) from the National Technical 
Information Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra 
fee by calling (800) 336-4 700. 

LAR- 14788 



The Upper Pair of Spring Tines clamped at both ends give the model airfoil its transla- 
tional degree of freedom, while the single lower spring tine gives the airfoil its independ- 
ent rotational degree of freedom. 
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Rolling-Convolute Joint for Pressurized Glove 

Mobility and flexibility are enhanced. 

Lyndon B. Johnson Space Center, Houston, Texas 



The Two Ring Elements shown here plus a bladder (omitted for clarity) constitute a 
rolling-convolute joint that balances torques caused by internal pressurization of the glove. 


A rolling-convolute metacarpal/finger 
joint enhances the mobility and flexibility 
of a pressurized glove. Intended for use in 
a space suit to increase dexterity and 
decrease the wearer’s fatigue, such a 
joint might also be useful in diving suits 
and other pressurized protective gar- 
ments. 

The joint is designed to counteract the 
stiffening effects of internal pressuriza- 
tion. Two ring elements are linked to- 
gether on opposite sides of the glove 
through a pair of externally located pivot 
bearings (see figure). A conformal ure- 
thane bladder with a separate fabric re- 
straining layer retains the internal glove 
pressure and allows the relatively mobile 
outer ring to roll over the relatively immobile 
inner ring. Expansion (or compression) of 
the bladder and restraining fabric on the 
dorsal (knuckle) surface of the hand is 
compensated by the contraction (or com- 
pression) of the bladder and restraining 
material on the palmar surface of the 
hand. This constant-volume feature bal- 
ances the torques exerted on the joint by 
the internal pressure. Therefore, the weaver 
need exert minimal torques and forces to 
flex the joint or to maintain fingers at any 
point in a wide range of neutrally stable 
angular positions. 

The glove, equipped with the rolling- 
convolute joint, was tested at an internal 


gauge pressure of 8 psi (55 kPa). It was 
found to allow for a range of motion of 
30° to 45° with extremely low hand forces. 
It also provided a comfortable grasp of 
various pieces of equipment. 

This work was done by Joseph J. 


Kosmo of Johnson Space Center and 

John W. Bassick of David Clark Co. For 
further information, write in 8 on the 
TSP Request Card. 

MSC-21628 


Liquid/Gas Flow Mixers 

Small bubbles are distributed uniformly. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Improved devices that mix gases and 
liquids into bubbly or foamy flows are 
being developed. These mixers generate 
flowing, homogeneous foams or homo- 
geneous dispersions of small, noncoa- 
lescing bubbles entrained in flowing liq- 
uids. Such mixers could be useful in a 
liquid-metal magnetohydrodynamic elec- 
tric-power generator, for example: bub- 
bles of metal vapor are present, and the 
velocity slip between the bubbles and 
liquid causes significant energy-conver- 
sion loss. The coefficient of drag of bub- 
bles per unit volume of gas increases with 
decreasing size of the bubbles; that is, 
smaller bubbles are entrained in the flow 
more effectively, with consequent de- 
crease in velocity slip and in the atten- 


dant loss of energy. The improved mixers 
might also be useful in froth flotation in 
the mining industry, wastewater treat- 
ment, aerobic digestion, and stripping 
hydrocarbon contaminants from ground 
water. 

In designing and constructing the im- 
proved mixers, care must be taken to 
avoid the flow conditions that lead to the 
generation of large bubbles at gas-injec- 
tion surfaces. It is also necessary to pre- 
vent separation of flow, which can lead 
to agglomeration of small bubbles into 
large ones at locations downstream from 
gas-injection surfaces. 

The improved mixer concept has been 
tested in air/water-mixing experiments 
using the air-injection device shown in 


Figure 1. The air-injection surfaces of this 
device are two stainless-steel plates. The 
water flows parallel to the surfaces of 
these plates, and a multitude of small 
bubbles is created as air is injected into 
the flow through many 0.5-pm pores in 
the plates. The large size of the injection 
surfaces makes it possible to inject a 
significant flow of air at a low injection 
velocity — only 0.1 ft/s (3 cm/s). The 
use of a low injection velocity helps to 
prevent the formation of large bubbles at 
the injection surface. 

Figure 2 illustrates one way of pre- 
venting the formation of a gas-filled re- 
gion of separated flow at the trailing edge 
of the injection device, thereby preventing 
the coalescence of small bubbles into 
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Figure 1. Many Small Bubbles Are Formed 

by injection of air through porous plates 
into flowing water. 



Figure 2. The Flow Channel Can Be 
Tapered in such a way as to prevent the 
separation of flow at the trailing edge, 
thereby preventing the coalescence of 
small bubbles into larger ones. 


large ones downstream from the injection 
surfaces. The cross section of the flow 
channel is made to decrease continu- 
ously with position along the flow chan- 
nel from a position upstream of the thick 
end of the trailing wedge to a position 
downstream of the pointed end of the 
trailing wedge. This taper ensures mod- 
erate acceleration of the flow with a 
favorable (negative) gradient of pressure 


along the flow. This favorable gradient of 
pressure ensures thin boundary layers 
and prevents separation of flow from the 
trailing wedge. 

This work was done by Gracio Fabris 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 106 on the TSP Request Card. 
NPO-18681 
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Worm Gear With Hydrostatic Engagement 

Friction would be reduced greatly. 

Lewis Research Center, Cleveland, Ohio 


In a proposed worm-gear transmis- 
sion, oil would be pumped at high pres- 
sure through the meshes between the 
teeth of the gear and the worm coil (see 
Figure 1). The pressure in the oil would 
separate the meshing surfaces slightly, 
and the oil would reduce the friction 
between these surfaces. Each of the sep- 
arating forces in the several meshes 
would contribute to the torque on the 
gear and to an axial force on the worm. 
To counteract this axial force and to 
reduce the friction that it would otherwise 
cause, oil would also be pumped under 
pressure into a counterforce hydrostatic 
bearing at one end of the worm shaft. 

This type of worm-gear transmission 
was conceived for use in the drive train 
between the gas-turbine engine and the 
rotor of a helicopter and might be useful 
in other applications in which weight is 
critical. Worm gear is attractive for such 
weight-critical applications because (1) it 
can transmit torque from a horizontal 
engine (or other input) shaft to a vertical 
rotor (or other perpendicular output) 
shaft, reducing the speed by the desired 
ratio in one stage, and (2) in principle, a 
one-stage design can be implemented in 
a gearbox that weighs less than does a 
conventional helicopter gearbox. 

Heretofore, the high sliding friction 
between the worm coils and the gear 
teeth of worm-gear transmissions has 
reduced efficiency so much that such 
transmissions could not be used in heli- 
copters. The efficiency of the proposed 
worm-gear transmission with hydrostatic 
engagement would depend partly on the 
remaining friction in the hydrostatic 
meshes and on the power required to 
pump the oil. Preliminary calculations 
show that the efficiency of the proposed 
transmission could be the same as that 
of a conventional helicopter gear train. 

Figure 2 shows an apparatus that is 
being used to gather experimental data 
pertaining to the efficiency of a worm 
gear with hydrostatic engagement. Two 
stationary disk sectors with oil pockets 
represent the gear teeth and are installed 
in a caliper frame. A disk that represents 
the worm coil is placed between the disk 
sectors in the caliper and is rotated rapid- 
ly by a motor and gearbox. Oil is pumped 
at high pressure through the clearances 
between the rotating disk and the sta- 


tionary disk sectors. The apparatus is 
instrumented to measure the frictional 
force of meshing and the load force. 


The stationary disk sectors can be 
installed with various clearances and at 
various angles to the rotating disk. The 



Figure 1 . Oil Would Be Injected at high pressure to reduce friction in critical areas of contact. 



Figure 2. This Test Apparatus simulates and measures some of the loading conditions of 
the proposed worm gear with hydrostatic engagement. The test data will be used to design 
efficient worm-gear transmissions. 
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stationary disk sectors can be made in 
various shapes and with oil pockets at 
various positions. A flowmeter and pres- 
sure gauge will measure the pump 
power. Oils of various viscosities can be 
used. The results of the tests are expect- 
ed to show the experimental depen- 
dences of the efficiency of transmission 
on these factors. 

It has been estimated that future 
research and development will make it 
possible to make worm-gear helicopter 


transmissions that weigh half as much as 
conventional helicopter transmissions do. 
In addition, the new hydrostatic meshes 
would offer longer service life and less 
noise, ft might even be possible to make 
the meshing worms and gears, or at least 
parts of them, out of such lightweight 
materials as titanium, aluminum, and 
composites. 

This work was done by Lev I. Chalko of 
the U.S. Army Propulsion Directorate 
(AVSCOM) for Lewis Research Center. 


Further information may be found in NASA 
TM- 102441 (AVSCOM TM-89-C-010) 
[N90-1 5923], "Assessment of Worm 
Gearing for Helicopter Transmission . " 

Copies may be purchased (prepay- 
ment required) from the National 
Technical Information Service, Springfield, 
Virginia 221 61 , Telephone No. (703)487- 
4650. Rush orders may be placed for an 
extra fee by calling (800) 336-4700. 
LEW-15092 


Piezoelectric Motor in Robot Finger Joint 

A direct drive unit replaces remote electromagnetic motor. 
Marshall Space Flight Center, Alabama 


A robotic finger contains an integral 
piezoelectric motor. In comparison with a 
robotic finger actuated by remote motors 
via tendonlike cables, this robotic finger is 
simpler and can therefore be assembled, 
disassembled, and repaired more easily. 
It is also more reliable and contains more 
internal space that can be allocated to 
sensors and control circuitry. 

The finger (see figure) includes two 
piezoelectric clamps and a piezoelectric- 
rotator subassembly. Each clamp is 
composed of a piezoelectric actuator, a 


concave shoe, and a thin bushing with 
an axial slit. A finger-joint shaft fits in the 
bushing. When the actuator in a clamp 
is unenergized, the shaft is free to rotate 
in the bushing. When the same actuator 
is energized, it expands and pushes the 
shoe against the bushing. This action 
clamps the shaft. (The slit in the bushing 
allows it to flex so that more actuator 
force acts on the shaft and is not wast- 
ed in deforming the bushing.) 

The piezoelectric-rotor subassembly 
includes a pair of piezoelectric actuators 


and a component denoted, simply, as 
the rotator, which is attached to the 
bushing in clamp 2. The upper rotator 
actuator, when energized, pushes the 
rotator a fraction of a degree clockwise. 
Similarly, when the lower rotator is ener- 
gized, it pushes the rotator a fraction of 
a degree counterclockwise. The finger- 
joint shaft extends through the rotator. 
The two clamps are also mounted on 
the same shaft, on opposite sides of the 
rotator. The rotator actuators are ener- 
gized alternately to impart a small back- 
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sizes, and even modify details 
down to error bar cap size and tick 
mark length. 

Join over 45,000 scientists who have 
used SigmaPlot to help publish 
papers in hundreds of technical 
journals. 

Call for a free 
brochure: 

rsciENTiFici 800-874-1888 

2591 Kemer Blvd., San Rafael, CA 94901 
415-453-6700 FAX 415-453-7769 



In Europe: Jandel Scientific, Schimmelbuschstrasse 25, 40699 Erkrath, Germany 02104/36098 02104/33110 (FAX) For international dealers call: Australia 2 958 2688 
Belgium 0106 11628, Canada 519 767 1061, France 146 97 21 65, Italy 027 202 1937, Japan 3 3590 2311, Switzerland 61712 16 16, Taiwan 2 785 3202, UK 582 502 388 

© 1993, Jandel Corp. All companies and/or product names are trademarks of their respective companies. 
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and-forth motion to the rotator. At the 
same time, the clamp actuators are 
energized alternately in such a 
sequence that the small oscillations of 
the rotator accumulate into a net motion 
of the shaft (and the finger segment 
attached to it), clockwise or counter- 
clockwise, depending on whether the 
shaft is clamped during clockwise or 
counterclockwise movement of the 
rotator. 

The piezoelectric motor, including 
lead wires, rotator-actuator supports, 
and actuator retainers, adds a mass less 
than 1 0 grams to the joint. The power 
density of the piezoelectric motor is 
much greater than that of the electro- 
magnetic motor that would be needed 
to effect similar motion. The piezoelec- 
tric motor operates at low speed and 
high torque — characteristics that are 
especially suitable for robots. 

This work was done by Allen ft Grahn 
of Bonneville Scientific, Inc., for 
Marshall Space Flight Center. For further 
information, write in 75 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial of this invention should be 
addressed to the Patent Counsel, 

Marshall Space Flight Center [see 
page 20 j. 

Refer to MFS-26198. 


Each Piezoelectric Clamp Grasps a 

shaft when energized. The piezoelectric 
rotor turns the shaft in small increments 
as it is alternately clamped and 
unclamped. 


Fast, Low-Duty-Cycle Sorption Refrigerators 

No power supply is needed during rapid cooldown; low power is needed for recharge. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 


Metal hydride/hydrogen-sorption refrig- 
erators are being developed to provide 
rapid, intermittent cooling at tempera- 
tures between 30 and 10 K. In the origi- 
nal intended application, these refrigera- 
tors would cool infrared detectors aboard 
spacecraft, exhausting heat to outer 
space via radiators at 250 K. A refrigera- 
tor of this type could be modified to cool 
scientific instrumentation on Earth, albeit 
with some loss of efficiency, by raising 
the design exhaust temperature to a typi- 
cal ambient temperature of 300 K. 

The development sorption refrigera- 
tors are solutions of the specific prob- 
lem to design a lightweight, low-power, 
low-vibration cooling system that pro- 
vides 1 .5 W of cooling for 30 min daily 
at 30 K and 0.15 W of cooling for 30 


min daily at 1 0 K. Only 30 s are allowed 
to cool from 60 K to 30 K, and only 1 20 
s are permitted to cool from 60 K to 10 
K. No known conventional mechanical 
cooling system can satisfy these 
requirements. 

The designs of these sorption refriger- 
ators are based on the fact that the only 
known way to obtain the desired rapid 
cooling is to expand gas (in this case, 
hydrogen) from a pressurized storage 
cylinder through heat exchangers and a 
Joule-Thomson valve. The expanded 
gas is not vented but instead is recycled 
by storing it in a sorbent (in this case, a 
hydride-forming metal powder) and pro- 
viding for quick transfer of the heat of 
absorption from the sorbent to the envi- 
ronment. Later, during the long interval 


between rapid cooldowns, the gas- 
laden sorbent can be heated, thereby 
causing pressurization, and the pressur- 
ized gas can be used to recharge the 
storage cylinder, thus completing the 
cycle. Thus, no power supply is needed 
during rapid cooldown, and only low 
power is needed for slow heating to 
recharge the storage cylinder. 

The figure is a schematic diagram of 
two of the developmental quick- 
cooldown sorption refrigerators. In the 
one that does not include the parts with- 
in the dashed outline, a canister that 
contains vanadium hydride is heated to 
about 403 K, causing hydrogen to fill a 
storage cylinder at a pressure of 1 00 
atm (about 10 MPa). When cooling at 30 
K is desired, a solenoid valve is activat- 
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Cooldown 
Sorption 
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and low heating 
power during 
relatively long 
recharge 
periods. One 
refrigerator 
includes the 
parts within 
dashed lines; 
the other 
does not. 


ed, permitting gas to flow through a 
counterflow heat exchanger and to be 
cooled to 63 K by a nitrogen-triple-point 
(containing solid, liquid, and gaseous 
nitrogen) heat-storage device. The high- 
pressure hydrogen then proceeds 
through another counterflow heat 
exchanger and is expanded to 8 atm 
(about 0.8 MPa) when it passes through 
a Joule-Thomson valve. The resulting 
liquid hydrogen is boiled at 30 K when a 
heat load is applied, and the returning 
low-pressure hydrogen precools the 
high-pressure hydrogen gas in the 
counterflow heat exchangers. The low- 
pressure hydrogen gas finally returns to 
the vanadium in the canister, which is 
maintained at about 333 K by contact 
with a heat-of-fusion heat sink. 

In the apparatus that includes the 
parts shown within the dashed outline, 
the parts outside the dashed outline are 
used first to provide liquid hydrogen 
quickly at 30 K. Then a solenoid valve is 
opened to admit hydrogen gas to a 
lower- pressure hydride material (e.g., 
zirconia-nickel hydride) that is main- 
tained at about 373 K, thus absorbing 
the hydrogen at about 0.001 atm (100 
Pa). Assuming that the pressure drop in 
the low-pressure-hydrogen conduit to 
this ZrNi sorbent is about 0.001 atm, the 
resulting pressure on the liquid hydro- 
gen becomes 0.002 atm (200 Pa). At 
this pressure, the hydrogen freezes at 
14 K, then sublimes at 10 K. During the 
"off" interval, the low-pressure-hydrogen 
cycle is completed by heating the zirco- 
nia-nickel hydride to about 543 K, caus- 
ing the hydrogen to vent to the vanadi- 


um hydride canister, which is cooled to 
about 293 K while absorbing the hydro- 
gen at about 1 atm (0.1 MPa). The vana- 
dium hydride is then heated to about 
403 K, recharging the 100-atm hydro- 
gen-storage cylinder. 


This work was done by At Johnson of 
Aerospace Corp. and Jack A. Jones of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 51 on the TSP Request Card. 
NPO-18631 


Introducing the NEW Universal 
Driver from LABTECH® Ml 


NOTEBOOK 7.3 


LABTECH NOTEBOOK'S new Universal Driver 
includes support for over 400 data acquisition I/O 
boards and boxes - all included in one package! 
No other data acquisition software offers device 
support this extensive. NOTEBOOK now incor- 
porates the brand new VISION graphics for Win- 
dows. With an installed base of over 30,000, it's 
the original and still the best PC-based software 
for lab and test data acquisition, analysis, and con- 
trol. Available worldwide in English, French, Ger- 
man & Japanese. 

NOTEBOOK pricing begins at just $495! 

LT/CONTROL 4.2 


LT/CONTROL is the best value in workstation- 
based software for mission-critical industrial moni- 
toring and process control. Configuration is 
mouse/icon-driven. New Windows 3.1 versions 
include object-based process graphics and Network 
DDE-based distributed client/server architecture. 
LT/CONTROL provides password protected ac- 
cess levels, logs alarms and data in real time, al- 
lows for loop tuning, and "on the fly" live 
reconfiguration of the operator interface graphics. 

LT/CONTROL pricing begins at just $995! 



Realtime VISION 


Realtime VISION is LABTECH's new Win- 
dows 3.1 real-time graphic interface builder, 
with customizable knobs, buttons, sliders, 
meters, dials, and strip charts. Includes ob- 
ject graphics drawing package supporting real- 
time object animation. Connect objects to any 
varying data source via DDE or Network DDE 
for a state-of-the-art real-time user interface. 

Realtime VISION is $395, runtimes are only 
$99 each! 

1 - 800 - 899-1612 

LABTECH • 400 Research Drive • Wilmington, MA 01887 
Tel: (508) 657-5400 • FAX: (508) 658-9972 


Availability on DOS. Windows, NT, and UNIX 
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Fabrication Technology 


Computer Control for Gas/Tungsten-Arc Welding 

Implementation largely in software facilitates upgrading. 

Marshall Space Flight Center, Alabama 
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The Prototype Control Hardware is designed to be modular for ease of reconfiguration and upgrading. This same modularity is also reflected in 
the software. 


A prototype computer-based feed- 
back control system has been developed 
for use in gas/tungsten arc welding. 
Beyond improving the welding techni- 
cian's moment-to-moment general con- 
trol of the welding process, the control 
system is designed to satisfy two impor- 
tant additional requirements: to assist the 
technician in selecting the appropriate 
welding-process parameters (e.g., volt- 
age, current, and rate of travel of the 
welding head) and to provide better 
automatic voltage control. 

The development included an investi- 
gation of mathematical models of the 
welding process — both prior models 
based on the physics of the weld pool 
and an innovative neural-network empiri- 
cal model. In experiments to measure 


shapes of weld pools for calibration of 
mathematical models, explosive charges 
were used to blow molten metal out of 
the weld pools (this technique has been 
called "impulse decanting") and snuff out 
the welding arcs, and the resulting 
craters were then measured. 

The automatic voltage-control subsys- 
tem was singled out for special attention 
because of the deficiencies of prior ana- 
log automatic voltage-control subsys- 
tems. These systems could not provide 
the requisite control when the welding- 
process parameters — especially current 
— varied over wide ranges. In particular, 
the poor control of voltage during the 
decrease of current toward the end of a 
weld typically resulted in cracking of the 
workpiece. 


The digital automatic voltage-control 
feedback loop of the prototype control 
system incorporates a sophisticated 
mathematical model of the time-depen- 
dent relationship between the voltage 
and the length of the welding arc, which 
is adjusted by a servo-motor that raises 
or lowers the torch over the workpiece. 
The implementation of the control sys- 
tem as a whole in software confers a 
special benefit in the case of automatic 
voltage control, because experience 
shows that much is yet to be learned 
about this topic, and future upgrades in 
the light of new knowledge can be imple- 
mented much more easily and quickly in 
software than in hardware. 

The prototype control hardware (see 
figure) includes a rack-mounted comput- 
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er, based on the VME bus, that contains 
Intel 80286 and 80386 processors. The 
bus is connected via analog-to-digital 
and digital-to-analog converters to input 
and output ports, respectively, to enable 
monitoring and control of the welding- 
process parameters. The hardware is 
designed to be as modular as possible. 
The analog input and output lines are 
routed through signal-connector boxes 
mounted inside the rack cabinet, and this 
provides easy access to all signals for 
testing, expansion, and re-routing of the 
individual signal channels. 

The software is designed with modu- 
larity in mind, as well. The various soft- 
ware tools implemented under the 
Windows program — this includes a data 
base and the digital automatic-voltage- 
control software — are essentially individ- 


ual, self-supporting programs that can be 
replaced with future versions or modified 
for other welding processes. This modu- 
larity is especially important in the case of 
the weld-modeling programs, which 
almost surely will have to be modified to 
some extent when other welding 
processes are considered. 

This work was done by Kristinn 
Andersen, James F. Springfield, Robert J. 
Barnett, and George E Cook of Mid-South 
Engineering, Inc., for Marshall Space 
Flight Center. For further information, 
write in 100 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial of this invention should be 
addressed to the Patent Counsel, 
Marshall Space Flight Center [see 
page 20] 

Refer to MFS-26183. 


Forming Weld Lands on Metal Plates 

Edges would be thickened in an upsetting process. 

Marshall Space Flight Center, Alabama 

Weld lands on thin metal plates like forming process. Weld lands — thick- 
those used to make pressure vessels ened areas at the edges of the plates — 
would be formed in a proposed upset- are needed so that the heat-affected re- 
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The Forming Shoe Would Pound the Edge of a newly inserted plate workpiece (top). 
After many passes of the shoe and advances of the plate, a thick land would be built up 
at the edge. The workpiece could be heated to enable the metal to flow without strain 
hardening. 
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• MS Windows based software 
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gions near the weld joints can withstand 
the anticipated tensile stresses. The 
proposed upset-forming process would 
replace a relatively expensive, time-con- 
suming, and wasteful process in which 
integral weld lands are created by ma- 
chining metal away from the plates 
everywhere except at the lands. 

The proposed process would be car- 
ried out in a machine in which the edge 
of a plate would be advanced in incre- 
ments into a forming cavity. After each 
advance, a forming shoe would pound 
the edge to thicken it. The plate would 
be inserted into the machine through 


two sets of jaws (see figure) so that the 
edge of the plate would protrude into 
the cavity. The primary jaws would 
clamp the panel, and the shoe would be 
driven into the cavity with enough force 
to deform the edge. 

Then the shoe would be withdrawn. 
The primary jaws would release their 
grip as the secondary jaws grasped the 
plate, and advanced it slightly farther 
into the cavity. Once again, the primary 
jaws would grip the plate, and the shoe 
would form the edge, forcing it to take 
the shape of the forming cavity. 

This forming cycle would be repeated 


until a land of sufficient width for welding 
was built up on the edge. The plate 
would then be removed and reinserted 
on another edge to be formed into a 
weld land. 

This work was done by Bruce 
Weddendorf of Marshall Space Flight 
Center. For further information, write in 
37 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center [see 
page 20], 

Refer to MFS-28743. 


High-Temperature Electrostatic Levitator 

Heating and levitation can be controlled independently. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 
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Figure 1. The High-Temperature Electrostatic Levitator provides independent control of levitation and heating of the sample in a vacuum. 


The apparatus illustrated schematical- 
ly in Figure 1 provides electrostatic levi- 
tation and radiant heating of a small 
sample of material in a vacuum. Unlike 
in an electromagnetic levitator (in which 
the sample must be a conductor), the 
sample can be an electrical insulator or 
semiconductor, and the rate of heating 


can be controlled independently of the 
levitating force. Also unlike an electro- 
magnetic levitator, this apparatus does 
not cause electromagnetic stirring in a 
molten sample (such stirring can cause 
early nucleation in undercooling). 

Maintenance of the levitating force en- 
tails control of the electrostatic field and 


of the electrical charge on the sample. 
By a combination of photoelectric and 
thermionic emission, the sample gives 
off electrons, some of which are reab- 
sorbed and some of which are swept 
away by the levitating electrostatic field. 
In general, the charge on the sample 
tends to equilibrate to a positive value 
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SAMPLE FULLY MOLTEN 



SAMPLE SOLIDIFIED FROM MELT 


Figure 2. A Sample of Aluminum is 

shown at three stages of processing in the 
high-temperature electrostatic levitator. 
The diameter of the sample is about 4 
mm. 


that increases with the electric field. The 
design of the levitating apparatus 
exploits the following two electron-emis- 
sion mechanisms to produce and main- 
tain required sample changes: 

1 . At a temperature 11,200 °C, the sample 
can be irradiated with ultraviolet light 
to induce photoemission and thereby 
impart a positive charge. 

2. At a temperature >1,200°C, ther- 
mionic emission defeats the attempt 
to charge the specimen negatively with 
an electron beam, but it can be used 
alone or in combination with photoemis- 
sion to maintain a positive charge. 

The main vertical electrostatic force is 
generated by applying a dc voltage be- 
tween the central top and bottom elec- 
trodes. Four smaller electrodes that sur- 
round the central bottom electrode pro- 
vide horizontal electrostatic control 
force, if needed. Two position-detecting 
cameras monitor the position of the levi- 
tated sample; a microprocessor con- 
verts the position error into feedback 
control signals, which are amplified and 
applied to the electrodes to correct the 
vertical and horizontal excursions of the 
sample from the desired position. If the 
sample material is an electric conductor, 
then four electromagnet coils under the 
central bottom electrode can be used to 
generate a rotating magnetic field to in- 
duce sample rotation. 

The sample is heated by a high- 
power xenon lamp. The temperature of 
the sample is monitored by a pyrome- 
ter. The surface of the specimen can be 
observed through a telemicroscope (see 
Figure 2). 

This work was done by Won-Kyu 
Rhim and Sang K. Chung of Caltech for 

NASA’s Jet Propulsion Laboratory. 

For further information, write in 36 on 
the TSP Request Card. NPO-18716 


Muffling Hammer Blows in a Workshop 

Sound-deadening bags would be placed on hammered workpieces. 
Marshall Space Flight Center, Alabama 


Sound-deadening bags would be 
placed on hammered workpieces to muf- 
fle the load hammering sounds, accord- 
ing to a proposal. This concept should 
prove useful in many workshop situations 
In the original situation for which the 
proposal was made, the workpiece is a 
rocket-engine nozzle in which coolant 
tubes are "booked” (deformed to bring 
the intertube gaps to the specified width) 
by use of a manual or pneumatic ballpeen 
hammer and polytetrafluoroethylene pad 
inside the nozzle and wooden backup 
blocks held between hatbands outside 
the nozzle. The nozzle structure itself acts 


as an acoustic coupler, giving the impres- 
sion that it amplifies the hammering 
sound, thus making it uncomfortable and 
distracting to "book" the nozzle in an 
indoor workspace. 

Sound-deadening bags for this or other 
situations could be fabricated easily and 
inexpensively. The bags would be filled 
with particles (for example, sand, metal 
shot, plastic, or glass), then sewn or 
molded shut. Bags could be tailored to fit 
the special configurations of some work- 
pieces. They could also be equipped with 
hook-and-pile or other fasteners and 
strung together, if necessary, to obtain 
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UEIDAQ Software Includes 

• Windows 3.1 (including Visual 
BASIC), Windows NT and DOS 
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• Complete source code in Microsoft 
C for entire driver system 

•LabVIEW® 3.0 for Windows 
drivers 

• Status for Windows™ advanced 
acquisition system is ready to use 
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the desired configuration (see figure). 

In many situations, fairly crude bag 
materials and fillings (e.g., sandbags) 
would probably suffice. In special situa- 
tions, more-sophisticated bags might be 
needed; these might be designed 
according to the principles of particle- 
filled vibration-damping devices. Such 
devices have been used to deaden print 
rollers and to reduce vibrations in the 
main-injector inlet manifold of a rocket 
engine. 

This work was done by Alfred W. 
Thiele, Jeffrey L. Gilbert, and David A. 
Gutow of Rockwell International Corp. for 

Marshall Space Flight Center. No fur- 
ther documentation is available. 
MFS-29937 
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Reinsertable Captive Bolt 

The bolt engages either a housing or a mating part. 
Lyndon B. Johnson Space Center, Houston, Texas 


The captive bolt illustrated in the fig- 
ure can be installed, removed, and rein- 
stalled easily, even with heavily gloved 
hands that deprive the technician of the 
feeling of engagement of threads. Unlike 
some other captive bolts, this one is not 
equipped with a spring that forces the 
bolthead away from one of the mating 
parts in which the bolt is inserted. 
Therefore, the technician does not have 
to struggle against spring force when 
reinstalling the bolt. The bolt is expected 
to be useful in construction in environ- 
ments where visibility, tactility, and/or 
maneuverability are poor; for example, in 
cold or underwater environments. 

The bolt has two threads that have 
different diameters but the same pitch. 
The larger-diameter thread engages a 
threaded hole in a housing; the smaller- 
diameter thread engages a threaded 
hole in a part that mates with the hous- 
ing. Because both threads have the 
same pitch, the bolt can be driven into 
the mating part while riding in the hous- 
ing. The bolt is captured by an E-ring 
inside the housing. The thread engages 
the mating part automatically. 

When the technician rotates the bolt 
clockwise, the bolt unthreads itself from 
the housing while simultaneously thread- 
ing itself into the mating part. The clock- 
wise rotation is continued until the bolt 
comes to a stop at the designated 
torque in threaded engagement with the 
mating part. To disengage the bolt, the 
technician simply turns it counterclock- 
wise until it stops. The bolt threads itself 


into the housing while unthreading from 
the mating part. 

This work was done by Richard D. 
Smallcombe of ILC Space Systems for 


Johnson Space Center. For further in- 
formation, write in 1 on the TSP Re- 
quest Card. 

MSC-22134 

The Captive 

Bolt is turned 
between full 
threaded 
engagement 
with the 
housing and 
full threaded 
engagement 
with the 
mating part. 



Housing 


BOLT ENGAGED WITH HOUSING, 
DISENGAGED FROM MATING PART 


Mating Part (Can Be 
Separated From Housing 
in This Configuration) 



Housing 


Mating Part (Held Against 
Housing in This Configuration) 

BOLT ENGAGED WITH MATING PART, DISENGAGED 
(WITH RESPECT TO THREADS) FROM HOUSING 
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Mathematics and 
Information Sciences 


Frequency-Domain Identification With Composite 
Curve Fitting 

The mathematical model of a system is divided into multiple models in parallel. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


An improved method of parameter 
identification is introduced based on de- 
composing a single wide-band model into 
two or more component systems in par- 
allel (see figure), such that each component 
model predominates in a specific frequency 
range. Each component or narrow-band 
model can be simpler than the wide-band 
model because it does not have to 
account for the dynamics at all frequen- 
cies. The method is applicable to diverse 
systems, including vibrating structures, 
electronic circuits, and control systems. 

The various mathematical models of 
the system are z -transform transfer func- 
tions that are rational functions and can 
be approximated to acceptable accuracy 
by ratios of polynomials of finite order. In the 
standard identification procedure, one first 
obtains the nonparametric frequency 
response of the system from measure- 
ments, th en uses any suita b le curve -fitting 


technique to fit a single wide-band model. 

Unfortunately, the high-order polyno- 
mials typically associated with wide-band 
models can be poorly numerically condi- 
tioned. The major advantage of using 
the parallel-model parameterization is that it 
involves polynomials of lower order than 
would be needed to fit a single wide- 
band model. Thus, the parallel-model pa- 
rameterization increases both the orders 
and bandwidths of systems that can be 
identified using finite-precision arithmetic. 

In composing a wide-band model from 
parallel narrow-band models, an iterative 
procedure is used involving a squence 
of curve-fitting steps. The procedure stops 
when each component model correctly 
“dovetails" with its neighbor, to sum cor- 
rectly to the measured data. In practice, 
the orders of the component models are 
not known in advance, so that some trial 
and error is necessary to obtain mean- 



The Wide-Band Mathematical Model of a 

system is identified as two narrow-band mod- 
els: one that contains most of the information 
on high-frequency components of the dynam- 
ics, and one that contains most of the infor- 
mation on low-frequency components. 

ingful values of parameters. 

This work was done by David S. 
Bayard of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, write in 40 on the TSP Request 
Card. NP0-18785 


When R&D can't wait, 


Largest inventory of polished laser optics in the 
industry for the fastest delivery on coatings 

The choice is clear... 



DELIVERY 

(in-stock inventory items) 

LARGEST INVENTORY 
OF HIGH-POWER 
LASER OPTICS IN 
THE WORLD 


^ High Damage Threshold 
^ Wavelengths from 248nm to 2100 nm 
> Three fully equipped coating facilities to serve your needs 

Glass lenses on site in 2 days. 

We can coat in 2 days. C VI polished substrate or customer-supplied substrate. 


3 locations: 

California, Connecticut, New Mexico 



C VI LASER 


CVT FAST 

(203) 928-1928 
FAX (203) 928-1515 


CVI WEST 

(510) 449-1064 
FAX (510) 294-7747 


Box 11308, Albuquerque, NM 87192 
(505) 296-9541 
FAX (505) 298-9908 
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Life Sciences 


Enhanced Cultivation of Stimulated Murine B Cells 

These cells can be used to produce hybridomas and monoclonal antibodies. 
Marshall Space Flight Center, Alabama 



Suspensions Enriched in B Lymphocytes were made from the spleens of mice that had 
been immunized with an antigen. The B cells were used to generate hybridomas that gener- 
ated antibodies specific to the antigen. 


Experiments have verified the effica- 
cy of a method (see figure) of in vitro cul- 
tivation of large numbers of stimulated 
murine B lymphocytes. These cells can 
be electrofused with other cells to pro- 
duce hybridomas, which can be used to 
produce monoclonal antibodies. 

The first step in the experiments in- 
volved immunization of selected mice by 
use of either of two antigens. Three days 
after the final immunization, the spleens 
of the mice were crushed to obtain cells, 
which were then suspended in a salt so- 
lution. The suspension was then enriched 
in B cells by depleting it of red blood cells, 
T cells, and J11D hi cells as follows: red 
blood cells were lysed with NH 4 CI, T cells 
were depleted with T24 (rat monoclonal 
anti-thymine 1.2) and rabbit complement, 
and J11 D hi cells were depleted with three 
cycles of the rat monoclonal anti-mouse 
J11 D and complement (J11 D 1 , J11 D 2, 
and J11D 3). 

The cell preparations thus enriched in 
B cells were cultured and stimulated with 
S. typhosa lipopolysaccharide and dex- 
tran sulfate: these substances exerted 
a mitogen-synergistic effect on both the 
proliferation and the differentiation of the 
B cells. At various times up to 14 days 
after starting the cultures, samples of 
these cultures were electrofused to non- 
secreting murine SP2/0 cells, yielding hy- 
brid clones. The yield of these hybrido- 
mas increased with culture time. Of such 
hybridomas generated from mice im- 
munized by one of the antigens (DNP- 
conjugated Limulus polyphemus hemo- 
cyanin), the majority secreted antibodies 
specific to that antigen. 


Thus, the method offers several ad- 
vantages: polyclonally stimulated B-cell 
blasts can be cultivated for as long as 
14 days, hybridomas can be created 
throughout the culture period, the yield 
of hybridomas increases during cultiva- 
tion, and it is possible to expand poly- 
clonally in vitro the number of B cells 
specific for antigenic determinants first 
recognized in vivo. This method should 
prove appropriate for further investiga- 
tion of polyclonal activation of B cells and 
for the generation of hybridomas that 
secrete antibodies to specific antigens 
like viruses and isolated oroteins. 

This work was done by David W. 


Sammons of the University of Arizona for 

Marshall Space Flight Center For fur- 
ther information, write in 90 on the TSP 
Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad- 
dressed to 
University of Arizona 
1430 East Fort Lowell Rd. 

Suite 200 
Tucson, AZ 85719 

Refer to MFS-26175, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


Three-Dimensional Coculture of Human Small-Intestine Cells 

Three-dimensional tissue models may prove useful in studies of growth, differentiation, and disease. 
Lyndon B. Johnson Space Center, Houston, Texas 


Complex three-dimensional masses of 
normal human epithelial and mesenchy- 
mal small-intestine cells have been cocul- 
tured in a process that involves specially 
designed bioreactors. These three-di- 
mensional masses may prove useful as 
tissue models for studies of growth, reg- 
ulatory, and differentiation processes in 


normal intestinal tissues; of diseases of 
the small intestine; and of interactions be- 
tween cells of the small intestine and vi- 
ruses that cause disease both in the small 
intestine and elsewhere in the body. In ad- 
dition, the process might be used to pro- 
duce other tissue models, leading to ad- 
vances in understanding of growth and 


differentiation in developing organisms, 
of renewal of tissue, and of treatment of 
a myriad of clinical conditions. 

The bioreactors include cylindrical ro- 
tating-wall culture vessels, which are ori- 
ented with their cylindrical axes horizon- 
tal and are rotated slowly about these axes 
while oxygen and nutrients are supplied 
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MODEL # 


FEATURES 


APPLICATIONS 



GP-KS152 

■ Dtgrtal Signal Processing (DSP) 

• 1 2* Microtens CCD color rmcrocamera 

■ Electronic Light Control (ElC) 

■ Minimum domination 0 51c 

■ On-screen programmable features 

■ 25 zone backlight compensation 

■ Remote camera head 2 3* D x 1-1/2" L 
(without lens) 

a Endoscope vision 
a Inspection 

a Nondestructive analysis 
a Laparoscopic vision 

GP-KS202 

■ 1/3” CCD color microcamera 
a 330 lines horizontal resolution 

■ Auto tracing white balance 

■ Remote camera head 1 2" D x 1-3/8" L 
(without lens) 

a Inspection 

a Nondestructive analysis 
a Machne vision 
a Endoscopic vision 
a Laparoscopic vision 

GP-KS102 

■ 1/2" CCD color microcamera 
a 430 Imes horizontal resolution 

■ Detachable head 

■ Y/C (SVHS) and composite outputs 

■ Auto gain control 

a Selectable TTL auto tracing 

■ 12V DC operation 

■ Camera head 2/3" D x 1-7/16" L (w/o lens) 

a Engines & machinery 
a Endoscopic vision 
a Nondestructive analysis 
a Surface mount inspection 
a Inspection 
a Laparoscopic vision 

GP-MS112 

■ 1/2" CCO B/W rmcrocamera 

■ 500 lines horizontal resolution 

■ Detachable head 

■ 12V DC operation 

■ Camera head 2/3" D x 1-716" L (w o lens) 

a Robotics 
a Machine vision 
a Inspection 

a Nondestructive analysis 

GP-KR212 

■ Digital Signal Processing (DSP) 

• 1/2" Microlens CCD color camera 
a 430 lines horizontal resolution 

■ Minimum ilummation 03(c at M.4 

■ ELC and auto backlight comp. 

■ 2H enhancer, aperture correction & 
knee circuitry 

a Microscopy 

a Measurement & inspection 
a Robotics 

a Surface mount inspection 

GP-KR412 

■ Same as GP-KR212 m addition to: 
a Full on-screen programming 

■ 25 zone auto backlight comp 

■ Genlock capability 

a Microscopy 

a Measurement & inspection 
a Robotics 

GP-KR402 

■ 12* CCD color camera 

■ 430 lines horizontal resolution 

■ Vanable speed electronic shutter 

■ Y/C (SVHS) & composite outputs 

■ 12V DC operation 

a Test & measurement 
a Inspection 
a Motion analysis 

GP-MF552 

■ Asynchronous electronic shutter 

■ 2/3* CCD. 768 (H) x 495 (V) pixels 

■ 570 lines horizontal resolution 

a Minimum illumination 0 051c at (1.4 

■ External sync HD. VD 

a High speed analysis 
a Image processing 
a Process measurement 

GP-MF502 

• 2/3* CCO. 768 (H) x 495 (V) pixels 

■ 570 lines horizontal resolution 

■ External sync HD. VD 

a Image processing 
a Process measurement 

GP-MF702 D 

■ 2/3" MOS image sensor 
649 (H) X 491 (V) pixels 

■ Asynchronous VD reset 

■ Sq pixels 13.5mm x 13.5mm with pixel 
dock m out 

a Selectable scanning system 
(525 fuH Ime non- interlace) 

■ Double speed scanning 

a Robotics 
a Inspection 
a Machine vision 
a High speed analysis 

GP-MF200 

a 2/3* CCD. 768 (H) x 493 (V) pixels 
a 570 tmes horizontal resolution 
a Remote head 
a External sync HD. VD 

a Factory automation 
a Robotics 
a Machme vison 
a Inspection 


TOP 

OF THE LINE 
CAMERAS 
ACROSS 
THE BOARD. 


Panasonic®offers high performance 
industrial cameras for your specialty. 
With specific features and perfor- 
mance designed for specific industrial 
vision applications. They’re top of 
the line across the board. 

One look at the chart makes it 
perfectly clear. Whether your needs 
call for high speed motion analysis, 
high resolution, color images or 
micro cameras, Panasonic has 
precisely what you need. 

You’ll also find Panasonic’s 
experienced staff of industrial vision 
specialists on hand to help you 
specify the right camera for your 
specific application. 

Get the most from your vision 
system. With Panasonic Industrial 
Cameras. They’re top of the line 
cameras across the board. 

For more information on the 
Panasonic line of industrial cameras, 
call 201-392-6674. In Puerto Rico, 
call 809-750-4300. 


Panasonic 

Industrial Camera Division 


GP-MF552 


GP-MF502 

Cameras shown with optional lenses. 





These Scanning Electron Micrographs show proliferation of columnar epithelium, 
even in the small recesses between microcarriers. The microvillous (furry) appearance of 
the epithelium can be seen at the higher magnification. 


to the cells and wastes are removed from 
the cells via growth media contained in 
the vessels. The slow rotation prevents the 
cells from settling in the medium, sus- 
pending them with minimal turbulence and 
extremely low shear. Thus, the bioreac- 
tors provide growth conditions that sim- 
ulate some of the effects of microgravity 
and that minimize damage to delicate 
mammalian cells and tissues. Prior arti- 
cles in NASA Tech Briefs that describe 
aspects of the design and use of rotat- 
ing-wall culture vessels include “Grow- 
ing and Assembling Cells Into Tissues" 
(MSC-21559), Vol. 14, No. 12 (December 
1990), page 67; “High-Aspect-Ratio Ro- 
tating Cell-Culture Vessel” (MSC-21662), 
Vol. 16, No. 5 (May 1992), page 150; and 
“In Vitro, Matrix-Free Formation of Solid 
Tumor Spheroids” (MSC-21843), Vol. 17, 
No. 3 (March 1993), page 115. 

In experiments that demonstrated the 
process of growing the three-dimension- 
al masses of cells, the 125 mL of culture 
medium in the rotating vessel was first 
inoculated with mesenchymal cells at a 
concentration of 2 x 10 5 cells/mL and with 
5 mg/mL of microcarriers in the form of 
collagen-coated dextran beads 175 pm 
in diameter. The cells were allowed to at- 
tach and proliferate for 48 to 72 hours. 


Then the medium was changed, epithe- 
lial cells were added, and growth was al- 
lowed to continue for another 30 to 40 
days, with daily replenishment of 65 per- 
cent of the growth medium in the vessel . 

The cocultures thus grown contained 
various concentrations of cells up to 
about 6 x 10 6 /ml_ and became differen- 
tiated, forming tissuelike masses 0.4 to 
0.5 cm wide with minimal necrosis (see 
figure). The masses exhibited apical brush 
borders, differentiated epithelial cells, cell- 
ular polarity, extracellular matrices, and 
basal lamina, all of which represent or- 
dering of cells into tissue in the nurturing 


chemical and physical environment in the 
bioreactor. 

This work was done by David Wolf 
and Glen Spaulding of Johnson Space 
Center and Thomas J. Goodwin and 
Tracy Prewett of KRUG Life Sciences. 
For further information, write in 42 on 
the TSP Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment should be addressed to the 
Patent Counsel, Johnson Space Center 
[see page 20]. Refer to MSC-21984. 




COMPUTER 
TIMING MODULES 

Microsecond resolution data time tagging, event time 
capture, and programmable pulse/ interrupt strobes. 


BAN CO MM 

Division of Datum Inc. 

1 - 800 - 348-0648 


MASTERS OF 
TIME 

since 1972 


Featuring 

■ Real Time Clocks i 

■ GPS Satellite i 

Receivers i 

■ I RIG Time Code 
Translation/ Generation 


Platforms 

■ PC ■ STD 

■ VME ■ SBX 

■ VXI ■ Qbus 
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I magine a personal digital assist- 
ant (PDA) that recognizes your 
handwriting. It’s called Newton. 
Or a desktop that you command 
with the sound of your voice. It’s 
called AV Technology. And only 
the Apple® Macintosh® has it 
Now more than ever, your 
Macintosh is a powerful tool 
designed for the way you commu- 
nicate and the way you work. 
And, with Apple products like 
PlainTalk ” and GeoPorf”, you can 
even access your Mac over the 
telephone and have it read your 
electronic mail to you. No key- 
boards, no codes. Retrieving data 
has never been easier. 

It’s the future of computing. 
And Government Technology 
Services, Inc. (GTSI®) brings you 
all this — and more. 

As the leading reseller of 
microcomputer and UNIX work- 


MAC TO THE FUTURE. 



$ 649 " 

N«wton Massagt 

Pad A hand-held com- 
munications device that 
intelligently assists you as 
you capture, organize and 
communicate information- 
no matter where you are. 
(#600-554) 


$ 2,692 


Apple Macintosh Quadra' 660AV 

Offering integrated communications technologies, 
a digital signal processor (DSP). Motorola 68040 
microprocessor, and integrated AV Technologies — 
including video input/output, 
16-bit audio and speech — this 
computer provides tools for the 
ways you communicate. (#600412) 



station products to the Federal 
Government, GTSI offers more 
than 23,000 products from over 
350 manufacturers. Many of these 
products - over 12,000, in fact - 
are available on our GSA 
Schedules A and B/C. 

So, let GTSI and Apple help 


$ 4,099 


Apple Macintosh Quadra" 840AV 

Simply the most powerful Macintosh computer 
ever, combining 
the advanced 
capabilities of 
the Macintosh 
Quadra 660AV 
with a more 
expandable 
architecture. 
The machine 
for power users. 
(#600-416) 

InwnaDonol customers WM3HI77. BBS#; I-800-577-7BBS (577-7227). ‘Not currently available on GSA Schedule. tTcmporary price reduction 
' 1-31-94. This promotion refers to various companies or products by their trade names. In most if not all cases, these designations are claimed 
‘ s. registered trademarks, service marks or registered service marts by their respective owners .©GTSI. 1 993 — All rights reserved. 


$ 1,823 =: 

Apple LaserWriter* Pro 630 This 
600dpi, 8ppm printer is Macintosh- and 1 
Windows-compatible, supports TrueType", I 
Adobe PostScript Level 2 and PCL 4+ fonts. I 
and includes built-in EtherNet and 8MB I 
memory. (#600-192) 


Authorized Reseller 



you reach out and take hold of the 
future with these exciting leading- 
edge products. Call 1-800-999- 
GTSI today. 



>NE CALL POES IT ALL. 



GSA B/C #GS00K93AGS6407 


For Moro Information Writ# In No. 430 






Books & 
Reports 

These reports, studies and 
handbooks are available from 
NASA Technical Support 
Packages (TSP's) when a 
Request Card is cited; other- 
wise they are available from 
NASA Technical Information 
Service. 


Electronic Systems 


Designing Controllers 
for Second-Order 
Dynamic Systems 

Control theory for time-invariant linear 
systems that are described by first-order 
dynamical equations has been well esta- 
blished for decades. A few iterations of 
design and analysis may suffice to com- 
plete a satisfactory design of a small sys- 
tem. However, for a large system like the 
proposed Space Station, the mathemati- 
cal model of its dynamics usually involves 


a large number of degrees of freedom 
and is best described by second-order 
dynamical equations in terms of sparse 
structural matrices, including mass and 
stiffness matrices. For second-order dy- 
namical systems, transformation to first- 
order form results in loss of computation- 
al efficiency. There are basically two 
ways to address the controller design 
problems for a large system. The first 
way is to minimize the number of dimen- 
sions of the mathematical model by use 
of a procedure in which one first pre- 
serves the second-order form and then 
simplifies the model. The second way, 
which is the subject of the report speci- 
fied at the end of this article, is to design 
a model-independent controller, which is 
insensitive to uncertainties in the system, 
by use of second-order dynamical equa- 
tions according to a novel method. 

This work was done by Jer-Nan Juang of 
Langley Research Center and Minh 
Phan formerly of the National Research 
Council, presently of Lockheed Engineer- 
ing and Science Company. Further in- 
formation may be found in NASA TM- 
102666 [N90-25369], “Robust Controller 
Designs for Second-Order Dynamic Sys- 
tems: A Virtual Passive Approach" 

Copies may be purchased [prepay- 
ment required] from the National Tech- 
nical Information Service, Springfield, 


Virginia 22161, Telephone No. (703) 487- 
4650. Rush orders may be placed for an 
extra fee by calling (800) 336-4700. 

LAR- 14625 

Shaping Transmitted 
Pulses To Provide 
Synchronizing Signals 

A report presents a theoretical analy- 
sis of the relationships among (1) the 
shapes and bandwidths of data pulses 
in pulse-amplitude modulation (PAM) 
and quadrature amplitude modulation 
(QAM), (2) the pulse-repetition rates 
(baud rates), and (3) the presence or 
absence of sinusoidal baud-frequency 
components in the envelopes (magni- 
tudes) of the overall received signals, 
which components could be used by 
receivers to synchronize themselves with 
the signals. The analysis was directed 
toward finding pulse shapes that would 
guarantee the presence or absence of 
the synchronizing components. 

This work was done by Edgar H. 
Satorius of Caltech for NASA's Jet 
Propulsion Laboratory and James J. 
Mulligan of US Army IEWD. To obtain a 
copy of the report, "Pulse Shape Design 
Considerations for Self-Synchronizing 
Systems , " write in 86 on the TSP Re- 
quest Card. NPO- 18765 


__ MANY ITEMS ON QSA! 

Time Code 
I nst r u mentat ion 



For more information or applications assistance, call or write. 


Datum inc 

Timing Division 

1363 S. State College Blvd., Anaheim, CA 92806-5790 
(714)533-6333 1 - 800 * 938-3286 


Professionals in many disciplines rely on recorded time code as a primary reference in data correla- 
tion and control applications. For nearly 20 years we've supplied quality timing instrumentation to 
customers in fields as diverse as entertainment, medical research, flight test and deep space 
exploration. 


Datum produces a comprehensive line of timing instrumentation products, from rack mounted 
units designed for moderate environments, to ruggedized equipment for airborne, shipboard 
and mobile applications. Manufactured to commercial standards or military specifications 
requiring QPL certification, these instruments include time code translators and 
generators, tape search units, digital clocks and displays. A host of options 
enables the designer to maintain cost effectiveness while achieving 
optimum system configuration. 


We also design and manufacture complete range timing systems to 
customer specifications. 
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IF THIS IS YOUR MAGAZINE 


III 


MJV THIS IS YOUR SHOW! 


fUASATech Briefs 



National 

Design Engineering 
Show & Confe'QTce ” 


NATIONAL MANUFACTURING WEEK — 

March 14-17, 1994 — consists of four inde- 
pendent, yet inter-related trade shows 
focusing on each phase of the man- 
ufacturing process. As an NDES 
attendee, you'll have FREE 
cross-over privileges to all the 
other exhibits. That way, you can per- 
sonally visit nearly 2000 vendors and find 
new solutions to tough problems. ..have spe- 
cific questions answered by experts. ..compare 
products and prices. ..and condense weeks of re- 
search into a matter of moments. NMW truly is 'The 
Preeminent Industrial Trade Fair of the U.S." 



FOR YOUR FREE SHOW ADMISSION TICKET OR ADDITIONAL CON- 
FERENCE INFORMATION. MAIL THE COUPON BELOW TODAY — OR 
FAX IT TO (203) 324-4240 


“FROM SURVIVING TO THRIVING” 

March 14-17, 1994 

McCormick Place North Chicago, Illinois 

•The 1994 NATIONAL DESIGN ENGI- 
NEERING SHOW & CONFERENCE is 

the largest OEM event in the Northern 
Hemisphere! It's a powerful learning 
experience where you'll uncover 
new applications and solutions 
— and come away with tools and 
strategies you can put to work imme- 
diately to: Keep your company's 
products on the leading edge of design • Pre- 
dict and control costs • Shorten your time-to- 
market window • Enhance your own professional 

development 

•PUT YOUR HANDS ON OVER 25,000 DESIGN PROD- 
UCTS FROM MORE THAN 1,000 LEADING VENDORS. 
Discuss design specs directly with manufacturers... 
compare vendor prices. ..explore exciting new 
components and materials for: CAD/CAM/CAE/CIM 

• Design Engineering Services * Document Imaging Equipment 

• Electrical Equipment • Electronic Equipment • Electro-Optic 
Equipment • Engineered Materials • Joining Systems and Fas- 
teners • Mechanical Components • Motion Control • Sensors 
and Controls • Shapes and Forms • and more...! 

•A VALUABLE EXPERIENCE FOR EVERY MEMBER 
OF YOUR TEAM: • Design Engineering Management • 
CAD/CAM Managers • Electricai/Electronic Engineers • 
General/Corporate Management * Manufacturing Engineers 

• Mechanical Engineers • Project Engineers * Purchasing 
Managers ■ QC/Testing Engineers • R&D Engineers * Sales/ 
Marketing Personnel • Technical Directors 



CJ f □ Please rush my FREE SHOW 
J * ADMISSION TICKET-a $25 value! 

□ Please also send me information on 
attending the NDES Conference. 

□ Please send me information about 
exhibiting. 

Print Name 

Title 

Company 

Address 

City State Zip 

Phone 1 1 Fax( 1 

NT i 


Mail today to: 1994 NDES 

Inquiry Fulfillment 
999 Summer Street 
Stamford, CT 06905 

Fax to: (203) 324-4240 


For the trade only. No one under 18 admitted. Student groups may 
apply for admission to the last day of the event only. Requests must 
be made in writing at least 30 days in advance. Please call (203) 
352-8239 with any questions. 

For Mora Information Wrtta In No. 670 





Make sure the air 
filter does justice to 
your O.E.M. design 

Specify Universal, and get air filters custom designed to: 

• Meet your specs precisely 

• Keep your product dean 

• Be easily maintained 

• Withstand serious abuse 

... air filters custom manufactured with a wide choice 
of media, to close tolerances, under strict quality 
control, by people who value their reputation. 

Phone 618-271-7300 or Fhx 618-271-8808 while you’re 
thinking about it, for a free sample filter and technical 
data. 



Analysis of Digital-Matched-Filtering 
Schemes for Receivers 

A report presents an analysis of three digital-matched-filter- 
ing schemes that involve weighted integrate-and-dump filters 
(WIDF's) and that are being considered for use in advanced 
digital radio receivers. The analysis is conducted by way of 
computer simulations of the performances of quadrature- 
phase base-band receiver channels that include input analog- 
to-digital filters, low-pass filters, variable delay lines, symbol- 
lock loops, and digital matched filters. 

This work was done by John M. Gevargiz and Jack Homes of 
Caltech for NASA's Jet Propulsion Laboratory To obtain a 
copy of the report, " Analysis of Digital Matched Filtering Schemes 
for Digital Receiver Applications Using Simulation Methods, " 
write in 69 on the TSP Request Card. 

NPO- 18682. 



Mechanics 


Study of Structural-Load Safety Factors 


On spec ... on time . . . everytime 

Universal air filter 

company 

3400 Missouri Avenue P.O. Box 853 
East St. Louis, Illinois 62203 


u 


For More Information Write In No. 439 


ADHESIVE 
RESISTS UP 
TO 400°F 

MASTER BOND SUPREME 11 HT 

■ Room temperature or heat cure 

■ High bond strength to similiar 
and dissimiliar substrates 

■ Excellent water and chemical 
resistance 

■ High shear and peel strength 

■ Outstanding 
resistance to 
vibration, impact 
and shock 

■ Convenient 
packaging 

■ Easy to apply 


For information, 
call or write: Master 
Bond Inc., 154 Hobart 
St., Hackensack, NJ 07601 
201-343-8983 


Master Bond Inc. 

Adhesives, Sealants & Coatinss 



A NASA technical paper presents a study of structural-load 
safety factors — the factors by which structures and compo- 
nents thereof are strengthened in design to withstand loads 
greater than nominal design loads. Heretofore, it has been 
common practice to choose safety factors deterministically, 
with a view toward ensuring virtually zero failure rates under 
known normal loads and under initially unknown (but anticipat- 
ed) overloads within ranges that seem reasonable under the 
circumstances. However, despite the “deterministic” label, the 
selections have ultimately been arbitrary and subjective in that 
they have usually been based on related corporate experi- 
ences and designers' personal judgment. 

The purpose of the study was to begin to devise a more 
systematic and coherent method and the accompanying crite- 
ria for the design of more-uniform and more-reliable high-per- 
formance structures. This was done by approaching the deter- 
ministic method from a probabilistic perspective. 

This work was done by V.Verderaime of Marshall Space 
Flight Center. Further information may be found in NASA 
TP-3203 [N92- 19355], "Structural Deterministic Safety Factors 
Selection Criteria and Verification. * 

Copies may be purchased [prepayment required] from the 
National Technical Information Sen/ice, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush orders may be 
placed for an extra fee by calling (800) 336-4700. 

MFS-27285. 

Simulation of Flow in A Spacecraft Cabin 

A report presents a computational simulation of the flow of air 
in a two-dimensional enclosed space that represents, in simpli- 
fied form, part of a habitable cabin in the Spacelab. Air is 
forced through the cabin by a temperature-control-and-ventilafon 
system. In addition, a refrigerator/freezer unit in the cabin contains 
a fan that pulls air in at the top and exhausts air at the floor 
level. The purpose of the simulation was to estimate the flow 
velocity everywhere in the cabin and, in particular, to estimate the 
effect of the refrigerator/freezer unit on the overall flow pattern. 

This work was done by Elias Y. Azzi of G. E. Government 
Sen/ices for Johnson Space Center. To obtain a copy of 
the report, “ Potential Flow Analysis in the Spacelab Habitable 
Cabin, " write in 53 on the TSP Request Card. MSC-22068 
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Machinery 


Dynamic Coordination of a Two-Arm 
Robotic Manipulator 

A report presents a study of dynamical and kinematical con- 
siderations that could guide the selection of the configuration of 
a self-reconfigurable, two-arm robotic manipulator. The basic 
idea is that two multiple-link arms would cooperate in manipu- 
lating a single object, reconfiguring their mutual, cooperative 
structure according to changing task requirements. 

This work was done by Sukhan Lee of Caltech and Sungbok 
Kim of the University of Southern California for NASA's Jet 
Propulsion Laboratory. To obtain a copy of the report, 
"Dynamic Coordination of A Self-Reconfigurable Manipulator 
System , " write in 21 on the TSP Request Card. 

NPO-18816 

Errant-Satellite Simulator 

A report describes an errant-satellite simulator — a machine 
that simulates, in the normal gravitational environment of Earth, 
the inertial properties and behavior of a spinning artificial satel- 
lite floating in outer space near another spacecraft. The 
machine is designed for use in training astronauts to retrieve or 
repair satellites with the help of a remote manipulator arm, or 
with extravehicular activities (EVA). 

This work was done by Robert L. Harvey of Johnson Space 
Center. To obtain a copy of the report, "Errant Satellite Simulator, ‘ 
write in 54 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed 
to the Patent Counsel, Johnson Space Center [see page 20], 
Refer to MSC-21975 



Physical Sciences 


Thermal Convection Affects Shape of 
Solid/Liquid Interface 

A report describes an experimental and theoretical study of 
the effect of thermal convection on the shape of the interface 
between solid and liquid succinonitrile, a clear commercially 
available plastic, in a Bridgman (directional-solidification) ap- 
paratus in vertical and horizontal orientations. Studies like this 
one are important because the Bridgman technique is com- 
mercially used to grow electronic materials and because ther- 
mal convection (among other effects) can alter and degrade 
the qualities of the product crystals. 

This work was done by C. Mennetrier of the United States 
Research Agency, M. A. Chopra of Cleveland State University, M. 
Yao of the Ohio Aerospace Institute, H. C. de Groh, III, of Lewis 
Research Center, and G. H. Yeoh, G. de Vahl Davis, and £ 
Leonard i of the University of New South Wales. To obtain a copy 
of the report, “Effect of Thermal Convectbn on the Shape of a 
Solid-Liquid Interface ’ and a related report, “ A Numerical and 
Experimental Study of Natural Convection and Interface Shape 
in Crystal Growth write in 76 on the TSP Request Card. 
LEW- 15453. 



Over 8,000 Optical Products 
OFF-THE-SHELF OPTICS 


America's Largest 
Selection of Optics and 
Optkol Components 


• OEM Optics 

• Optical Systems 

• Video Systems 

• Imaging Systems 

• Positioning Equipment 

• Machine Vision 

• Critical Measuring 

• Lasers, Laser Optics 

• Electro Optics 

• Magnifiers 

• Comparators 


Edmund Scientific Co. 

Dept 14B1. N954 Edscorp Bldg., Barrington, NJ 08007 
OD PHONE: 1-609-573-6250 FAX: 1-609-573-6295 


Opticol reference catalog featuring optics 
and optical instruments used in industry, 
science and research. 

Write or call for 220 page full color catalog, 
complete with technical data and prices. 


For More Information Write In No. 470 



Low Friction Seals 


• Chemically inert 

• Low friction Turcon * 

• Spring loads suited to 
your exact force and 
torque requirements 

• Pressures to 30,000 + psi 

• 1/16" to 150" diameters 


o. 


Variseal™ W is our pressure- 
activated seal made from low 
friction Turcon® PTFE compounds. 
The unique Slantcoil™ spring pro- 
vides consistent sealing load, with 
permanent elasticity over the life 
of the seal. Call for catalogs and 
technical support. 1-800-466-1727 


/SJ American Variseal 

• w 510 Burbank Street 

Broomfield, Colorado 80038 
Fax:303-469-4874 


A Member of the Busak+Shamban Group. 
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EaSM-l_DHCl 

pump systems 



Simple design offers 

simple fluid transfer solutions. 


Peristaltic pump confines fluid within the tubing to provide: 

♦ Aseptic, noncontaminating pump chamber, 

♦ Excellent chemical resistance, 

♦ Gentle transfer of shear-sensitive or viscous fluids, 

♦ Easy maintenance for fast tubing changes and pump cleaning, 

♦ Self-priming and run-dry capabilities, 

♦ Variable flow rates from 0.6 pl/min to 45 liters/min, 
and much, much more. 



FREE! 

Over 10,000 pump 
combinations to choose 
from; each covered by a 
two-year warranty. Get 
the complete story in the 
144-page Masterflex 
Reference Book. Send for 
your FREE copy today. 





Cole-Parmer Instrument Company 

7425 N. Oak Park Ave. Niles, II 60714 

Phone: 1-708-647-7600 ♦ Fax: 1-708-647-9660 
1-800-323-4340 


New on the Market 


Z-Communications Inc., San Diego, 
CA, has introduced the industry's 
smallest voltage controlled oscilla- 
tor for wireless LAN applications. 
Measuring only 0.3" x0.3"x. 0.1 17", 
the SMV2500 offers an oscillation 
frequency of 2400 to 2485 MHz 
and a supply voltage of 3 Vdc at 1 6 
mA. The unit is suitable for use with 
battery-powered laptop computers. 
For More Information Write In No. 700 



NAITechnologiesInc., Hauppague, 
NY, has released the MC-40, a two- 
pound, ruggedized 486 PC approxi- 
mately the size of a VHS tape. The 
unit can interface with any standard 
keyboard, Super VGA, or LCD color 
display. It isavailableasa486 DXor 
SX, running at 25 or 33 MHz, W'ith 8 
MB RAM (expandable to 40 MB) 
and a hard disk capacity from 1 20 to 
260 MB. 

For More Information Write In No. 705 

Southco Inc., Concordville, PA, has 
introduced the Quad™Latch series 
of latches featuring interchangeable 
operating drivers, IP65 and NEMA 
12 performance, and fast, single- 
hole installation. The series offers a 
choice of ten operating drivers, each 
with a latched/unlatched indicator, 
and a pawl rotation of 90°. 

For More Information Write In No. 722 




Texim Project®, an interactive 
project management tool, is now 
available for Windows'"' and Win- 
dows NT™ from Welcom Software 
Technology, Houston, TX. The pro- 
grams feature the ability to edit tabu- 
lar views and reports graphically as 
on a spreadsheet. Under Windows 
NT, multiple files can be opened 
simultaneously, allowing interactive 
data editing across project files. 

For More Information Write In No. 704 



VisualDAS™, from Keithley Metra- 
Byte, Taunton, MA, assists data ac- 
quisition board programming with 
Visual Basic for Windows by pro- 
viding a set of custom controls, vir- 
tually eliminating the need to write 
board control code. Priced at S99, 
the program features an easy-to-use 
interface and reduces setting up a 
data acquisition operation to select- 
ing appropriate parameters from a 
list of options or typing a value for 
each property. 

For More Information Write In No. 706 

New Media Graphics Corp., Bill- 
erica, MA, has unveiled TapelT! 
Portable, a converter box that 
changes VGA computer signals to 
standard NTSC television signals, 
allowing TV monitors or projection 
TVs to display PC screen images 
simultaneously. Priced at $539, 
TapelT! also provides direct con- 
nection to any standard VCR, elimi- 
nating the need for a camera to tape 
programs running on a PC. 

For More Information Write In No. 724 


Baumer Electric Ltd., Southington. 
CT, has released a portable diag- 
nostic tool for assessing inductive 
sensor malfunction. The IP2 fea- 
tures a simple schematic and LEDs 
for graphic output of failure analy- 
sis, which help to pinpoint installa- 
tion, system, and operational errors. 
Powered by two 9 V batteries, the 
IP2 will operate any DC sensor and 
can test the coil/oscillator function 
of an AC sensor. 

For More Information Write In No. 725 
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New on the Market 


The F300 machine vision system 
from Omron Electronics Inc., 
Schaumburg, IL, accepts up to eight 
camera inputs simultaneously for 
multi-position inspection and mea- 
surement applications. Its high- 
speed processor calculates area, 
center of gravity, and angles of incli- 
nation in 33.3 ms for near-real-time 
control. The F300 has a 51 2 x 484 
pixel resolution and features edge 
detection, shading and position dis- 
placement compensation, and bi- 
nary level control. 

For More Information Write In No. 721 



Configurable Solutions, a series of 
building blocks for automating 
manufacturing, has been introduced 
by Vanguard Automation, Tucson, 
AZ. These automated work cell and 
assembly system designs are built to 
industry standardsand take into con- 
sideration protection from electro- 
static discharge, contamination con- 
trol, and improving yields, through- 
put, quality, and reliability. The first 
release focuses on automating rigid 
disk drive assembly and includes a 
cell designed to locate and transfer 
stored head gimble assemblies, a 
system to produce head actuator 
assemblies, and a cell that employs 
a vision-guided robot to load and 
unload rigid disk media. 

For More Information Write In No. 701 



VisLab™, from Engineering Anima- 
tion Inc., Ames, IA, is the first 3D 
animation program to integrate laws 
of motion with high-speed render- 
ing for improved realism and accu- 
racy. It renders a complex 500,000- 
polygon frame of animation in a few 
seconds, enabling users to select a 
variety of environments pre-pro- 
grammed to mimic real-world mo- 
tion. The program features a unique 
A/B Roll System for built-in post- 
production. 

For More Information Write In No. 727 



Pulse-operated bi-stable brakes from 
the Electroid Company, Springfield, 
N), latch and hold in either the on or 
off position without the need for a 
continuous current, eliminating 
power loss and heat dissipation. The 
brakes can be used with any bat- 
tery-powered or low-current supply 
requiring a brake, such as wheel- 
chairs, robots, aircraft actuators, 
satellites, and electric forklifts. 

For More Information Write In No. 703 


Flow Charting 4™ for Windows™ 
from Patton & Patton SoftwareCorp., 
Morgan Hill, CA, allows shape, line, 
and text attributes to be changed via 
task-specific commands. Object at- 
tributes also can be recorded and 
transferred to new objects. The pro- 
gram features Sensible-Shapes™ for 
shape resizing without distortion; 
SensibleLines™, which lets the user 
determine how lines will react when 
shapes are moved; and Sensible- 
Text™, which enables easy fitting of 
text in and around shapes. 

For More Information Write In No. 726 



MECHANICA®5 mechanical design 
synthesis software from Rasna 
Corp., San Jose, CA, features 
AutoCEM™, which eliminates the 
need for designers to perform 
meshing and remeshing before be- 
ginning analysis and optimization. 
MECHANICA 5 provides load path 
optimization, new structural and 
dynamic measures, improved Di- 
rect Geometry Access, post process- 
ing, and editing capabilities. 

For More Information Write In No. 723 


ArchiveLib™, a Windows-compat- 
ible data compression and archive 
library for C and C++ programmers, 
has been announced by Greenleaf 
Software Inc., Dallas, TX. The ob- 
ject-oriented library allows users to 
compress ASCII or binary data into 
a storage archive, move files from 
one operating system to another, 
and store internal program data. 
Buffers of data can be archived 
within their applications without 
having to store them as a file. 

For More Information Write In No. 702 


Microfocus X-Ray 
Technology Just Took 
A Giant Leap Forward 


- - 1 s* r 





Revolutionary! 




The KM 160 Microfocus X-ray Source and 
Generator are as compact as you’ll get for 
160KV with a spot size less than 10 microns. 
Four different spot size/ power combinations 
are selectable for a variety of inspection needs. 

1 lighly magnified real time imaging is a breeze 
with the short target to window design. 

The KM 160 uses gas insulated high voltage 
technology to deliver high performance, 
reliability, and serviceability. The air cooled 
metal ceramic x-ray tube is easy to install and 
manipulate. An RS232 interface facilitates 
automation of all major control functions. 
Finally, the KM 160 features a performance- 
to-price ratio hard to beat. 

Choose the KM 160 for your microfocus 
x-ray source needs. 


KEVEX X-RAY INC.. 

320 El Pueblo Road 

Scons Valley, CA 95066 0860 

Tel. 14081438-5940. Fax. 14081438-5892 


FlSON S ts 


KEVEX X-RAY 
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IEEE 488.2 
control. 


# 


Made painless. 





When you need a simple solution to 
IEEE-488.2 control, the HP 82335B PC 
HP-IB card gives you fast relief. It makes 
programming easier with powerful com- 
mands (HP-type calls). It helps you get 
started quickly with comprehensive 
programming examples. And it includes 
standard features that take the frustra- 
tion out of system development Like a 
definitive set of common sense commands. 
Support for all the most popular languages. 
Automatic software installation and full 
IEEE-488.2 and SCPI compatibility. 


You get all these advantages, from the 
company that invented HP-IB. So why 
settle for anything less. 


To order, call HP DIRECT 
1-800-452-4844, Ext.7379. 

A sixty day, money-back guarantee is 
included. All you need is a company 
purchase order or 
credit card. 


•In Canada call 1-800-387-3154 

There is a better way. 



HEWLETT 

PACKARD 


©1992 Hewlett-Packard Co. TMMSO120A/NTB 


New Literature 


The Space Data Book from TRW 
Space&TechnologyCroup. Redon- 
do Beach, CA, features chapters on 
orbital mechanics, mission plan- 
ning, launch vehicles and space pro- 
pulsion, spacecraft design, the solar 
system, and atmospheric entry. De- 
sign factors examined include space- 
craft attitude control, communica- 
tions, propulsion, electrical and ther- 
mal control, and structure. 

For More Information Write In No. 735 



The TV series of high-capacity, in- 
line hydraulic valves is spotlighted 
in a catalog from Zaytran Inc., Elyria, 
OH. Styles range from manual throt- 
tling to servo-controlled. Flow ver- 
sus pressure drop information is pro- 
vided to enable specification in cir- 
cuits requiring up to 5000 psi and 
1500 gpm capability. 

For More Information Write In No. 734 

A DC parametric test system ca- 
pable of high-voltage testing to 
1500 V is described in an applica- 
tion note from Reedholm Instru- 
ments, Fremont, CA. The high-volt- 
age capability has been extended 
from providing continuous IA^ char- 
acteristics on one pin to measuring 
snap-back breakdown of intermetal 
dielectric test structures on any of 
four device pins. The system is suit- 
able for process testing of thick di- 
electrics and monitoring of power 
1C manufacturing. 

For More Information Write In No. 729 

Berkeley Process Control Inc., Rich- 
mond, CA, has announced a quar- 
terly technical newsletter covering 
machine control and factory auto- 
mation. In the Loop focuses on ap- 
plications related to the company's 
line of machine controllers, princi- 
pally the Bam® Series-64. The unit 
features a 64-bit RISC processor and 
a multi-tasking, real-time operating 
system designed to integrate multi- 
axis motion control, I/O, communi- 
cations, and a color touch-sensitive 
operator interface. 

For More Information Write In No. 736 


THERMISTOR 

pponiirT cmnp 



A 20-page thermistor product guide 
is available from the Rodan Divi- 
sion of Ketema Inc., Anaheim, CA. It 
includes information on negative 
temperature coefficient and silicon 
positive temperatu re coefficient ther- 
mistors. The guide also provides 
conversion tables, curves, and flow 
charts for easy determination of ap- 
plications, and a glossary of terms. 
For More Information Write In No. 739 

Literature from PaR Systems Inc., St. 
Paul, MN, describes the company's 
remote positioning and robotic pro- 
duction systems. Featured products 
include the XR® series material re- 
moval systems that drill, mill, rout, 
and waterjet cut large parts to ma- 
chine-tool accuracy and at produc- 
tion line speed. The PaR® nuclear 
systems enable manipulation of haz- 
ardous materials. 

For More Information Write In No. 738 



Addison-Wesley Publishing Co., 
Reading, MA, has released the sec- 
ond edition of Object-Oriented 
Methods by Ian Graham. Emphasiz- 
ing the practical issues governing 
use of object-oriented techniques in 
industry, the book contains a lan- 
guage-independent introduction to 
object technology, a survey of avail- 
able methods and appl ications, and 
an evaluation of programming lan- 
guages and databases. 

For More Information Write In No. 728 
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New Literature 


The Directory of Manufacturing 
Research Centers published by the 
ManufacturingTechnology Informa- 
tion Analysis Center, Chicago, IL, 
offers data on 200 centers that en- 
gage i n manufacturing research and 
are available to the manufacturing 
community on a free or fee basis. 
Offered in hard copy, floppy disk, 
and on line, the directory lists spon- 
sors, personnel, technical areas, 
goals, facilities, and funding. 


MRC Bearing Services, lamestown, 
NY, has published a 12-page bro- 
chure describing its ball bearings, 
including made-to-order and spe- 
cial bearings to replace bearings in 
aging equipment where they may 
be unavailable as standard prod- 
ucts. The company's modified-stan- 
dard bearings are designed for spe- 
cial lubricants, closures, ball retainer 
materials, and surface treatments. 
For More Information Write In No. 730 





For More Information Write In No. 740 


A reference guide from Scott Spe- 
cialty Cases Inc., Plumsteadville, 
PA, highlights gases and gas han- 
dling equipment. The 304-page 
book includes new products for 
continuous emissions monitoring 
(CEM) systems such as CEM Daily 
Standards™ foraccurate calibration, 
CEM Zero/Calibration Air™for more 
effective zero-leveling calibration, 
and a CEM Station™ Gas Delivery 
System. Also offered are excimer 
laser gas mixtures designed to im- 
prove laser performance. 

For More Information Write In No. 731 


DALSA Inc., Waterloo, ONT, has 
released a databook on the new 
MEGASENSOR area scan sensors 
and cameras, and the interface of 
DALSA cameras to image process- 
ing and frame grabber boards. Com- 
panies providing interfaces include 
Alacron, Coreco, Datacube, EPIX, 
Imaging Technology, and Vision 
Modules. Other new products in- 
clude the CL-G1 color and CT-C5 
multiple tap line scan cameras and 
option board modules for 12-bit 
A/D and digital MUX. 

For More Information Write In No. 74 1 


Halocarbon Products Corp., River 
Edge, NJ, is offering a 20-page bro- 
chure describing its inert, nonflam- 
mable, noncorrosive oils, greases, 
and waxes. The publication details 
chemical composition, physical 
properties, material compatibility, 
and quality assurance. Also included 
are a table for determining appli- 
cable grades and charts graphically 
presenting viscosity vs. temperature 
and typical vapor pressures. 

For More Information Write In No. 733 


Viewpoint DataLabs, Orem, UT, has 
published a catalog of its real-time 
3D Datasets™, wireframe represen- 
tations of 3D objects used in com- 
puter animation and visualization 
applications. The company is intro- 
ducing ready-to-order Datasets op- 
timized for simulation, interactive 
3D games, and virtual reality. Cus- 
tom Datasets of both real and imag- 
ined objects are also available. 

For More Information Write In No. 737 


Four free catalogs totaling 2190 
pages and featuring 50,000 off-the- 
shelf components are available from 
the Stock Drive Products and Ster- 
ling Instrument divisionsof Designa- 
tronics Inc., New Hyde Park, NY. 
The books focus on gears; shafts, 
bearings, and couplings; timing 
belts, chains and friction drives; 
and design components, respec- 
tively. They feature precision and 
commercial tolerance components 
and 618 pages of application data. 
For More Information Write In No. 732 



High Temperature 
ThermofoiP Heaters 




FORM 





FIT 

Semiconductor processing • Packaging equipment 
Replace cartridge or strip heaters 

FUNCTION 

Mica insulated heaters with etched-foil elements give precise, 
reliable heat up to 110 watts per square inch. 

•Operable to 1100°F (593°C) ‘Custom designed with profiled 
•Only 0.025” thick heat patterns, irregular shapes, 

cutouts, factory forming 

7300 Commerce Ln. 
Minneapolis. MN 
55432-3177 USA 

mm ■ Phn: 612/571-3121 

IW1 1 ni I. 1 a Telex 687-9025 
■ w ■ ■ ■ ^ FAX: 612/571-0927 f 

PRODUCTS, INC. 


For More Information Write In No. 552 
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MARKETPLACE 


To Advertise— Call (212) 490-3999 









Best Value in the World 

for 

POLYIMIDE & FR4 
1 to 5 DAY TURN 

I to 12 Layers 

PRINTED CIRCUIT PROTOTYPES 


5 PIECES* 1.34 
10 PIECES x 1.67 


| 5 DAY PRICES ABOVE 
I UL LISTED 


EXTRAS 

CAPABILITIES 

DISCOUNTS 

■ Photo Plotting 9 

■ Testing 

■ Gold Contacts - $50 

■ 25* ■ Below 8 Mil Hole 

Below |$ Mil Hole 

■ SMOBC & LP1S50 

■ Burned A Blind Via* 

■ Potyimide Multilayer 

■ Full Body Gold 

■ Carbon Paste 

■ Tin nickel bum- in boards 

■ SMT SMOBC 

■ Up to 22 layers 

■ Impedance control boards 

a-*-E3 

5% 

■ COD 

10% 

FOR MORE INFORMATION CALL OR FAX 


NEW 


Ken Bahl ■ 1 108 W. Evelyn Ave , Sunnyvale. CA 94086 j 
Phone (408)735-7137 FAX (408) 735- 1 408 Modem (408) 735-9842 1 


For More Information Write In No. 405 


The DAP3200e is a data acquisition board that 
includes its own dedicated 80486 processor. 
This processing power gives the DAP 3200e 
unprecedented real-time response: task latency 
of less than half a millisecond. The DAP 3200e 
also includes 1MB or 4MB of on-board memory, 
and its own multitasking real-time operating 
system, DAPL 4.2. CALL NOW-206/453-2345, 
FAX 206-453-3199. 

2265 1 1 6th Ave. NE MICROS^^^^^ 
Bellevue, WA 98004 IjVBORATORIES^# 
For More Information Write In No. 410 


Official NASA CAPS 


Precision Positioning 
Anywhere! 


QJU] FARRAND CONTROLS 

DIVISION OF RUHLE COMPANIES. INC. 
99 WALL STREET-VALHALLA, NY 10595 


A calendar featuring breathtaking four-color photographs of the space 
shuttle In action, photos taken by the crew of a space shuttle mission, 
views of the earth and more' Dates and space launches from the 1960s 
to present included Pnnted on deluxe coated stock with laminated 
colorful covers. Only $10.95. 


Send NASA Calendar(s) at $10.95 each (quantity) 
Add $5.00 tor shipping and handling charges 

fNY raaidM-its add sales taxi 

Orders from $51 00 to $100 00 add sfuppmg 

and handling charge S8.50 TOTAL ENCLOSED 

Name 


Company 
Address _ 


City/State/Zip 

Mail to: NASA Tech Briefs. Dept. F. 41 East 42nd St.. # 921 

New York. New York 10017 

For credit card orders call (212) 490-3999 


Spring-Energized Seals 

for Low and High Pressures 

• Low friction, chemically inert 
Turcite® seal compounds 

• Vacuum to 30000+ psi 

• -350 to +575°F 

• Standard, metric and custom sizes 

• Call 1-800-466-1727 for information 


American Variseal 

P.0. Box 1479 
510 Burbank Street 
Broomfield. Colorado 80038 
Fax:303-469-4874 


Please send (insert quantity) 

NASA caps. 

Add $5.00 for handling and shipping 
charges. NY residents add sales tax. 
TOTAL Enclosed: $ 


Name 


Address 

City 

State Zip 

Mail payment to: Nasa Tech Briefs, Dept. F 
41 East 42nd Street, Suite 921 
New York, NY 10017 
For credit card order call (212) 490-3999 


For More Information Write In No. 416 


INTELLIGENT DATA ACQUISITION 


FREE! 

130 

Page 

Catalog 


“Optics 
for 

Industry” 

Free 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf ’ optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 


For More Information Write In No. 408 


For More Information Write In No. 409 


Save time. 
Save money. 


Our wide range of 
C-programmable min- ’ -■ 
iacure controllers are ideal for 
control applications, data acquisition, and test 
and measurement. Compact and low in price (the Utile 
PLC™ above is 2"x3" and $195), these controllers are pro- 
grammed with our easy-to-use Dynamic C™ development 
system. Our controllers feature digital I/O. ADCs and DACs, 
relays and solenoid drivers, RS232 and RS485 serial ports, 
battery-backed memory and time/date dock, LCDs, key- 
pads, enclosures and more! 

172+ Picasso Ave. 

24-Hour AutoFax Davis. CA 95616 


916.753.0618. Call 
from your FAX. 


916.757.3737 1 
916.753.5141 FAX 


For More Information Write In No. 418 


Black cap with 
gold leaves and 
official NASA 
insignia. Only 
$9.95 each! 


Farrand linear and 
rotary Inductosyn 3 
transducers 
provide absolute 
and incremental 
positioning infor- 
mation accurate 
to ±40 microinches, ±0.5 arc second, or better. 
Rugged and reliable, our position transducers 
operate anywhere, even under extreme 
conditions— vibration, temperature from 
10°K to 160°C, shock, high pressure, vacuum, 
and dust or oil films. 


Call 914/761-2600 or fax 914/761-0405. 


4MEG VIDEO 
Model 12 

Flexible Image Capture, 
Processing. & Display 
Board for the PC 


msp\x 


3005 MacArthur Blvd 
Northbrook. IL 60062 
Tel /708 498 4002 
Fax/708 498 4321 


©1993- EPIX. Inc.. USA 

More Information Write In No. 407 


■ 8000 - 4 Pixels per Line 

■ 16.000-1 Lines/Image 

■ 50 - 2 MHz Sampling 

& Display Rate 

■ 64. 16, or 4 MB Configur- 

able Image Memory 

■ On-Board DSP 

■ RS-170. CCIR, Non Stand- 

ard, & Programmable 
Video Formats 

■ Area or Line Scan Input 

■ Extensive Software 
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POSITIONS WANTED 


MS in optical sciences, Univ. of Arizona. 
BS in physics, USAF Academy, Distin- 
guished Graduate, EIT. Seeking engineer- 
ing management position, preferably as- 
sociated with remote sensing. Expertise 
includes optical information processing, 
laboratory evaluations, field testing, ra- 
diometry/photometry, and hardware pro- 
totype development. Computer literate. 
Extensive flight experience in high- 
performance aircraft including FLIRs and 
precision-guided munitions.Current SBI. 
Box number 77B 

Manufacturing engineer with over 13 
years experience in five- and six-axis 
machining (DOD and NASA programs). 
Manufacturing process planning for pre- 
cision parts. Tool and fixture design and 
plant layouts showingall machinery with 
AutoCAD. Hand- on operating CNC 
machines. Shop liaison, SPC, TQM. 

Box number 78B 

Departing the Federal Government's Se- 
nior Executive Service. Over 25 years 
experience working for NASA, Com- 
merce, and DOD. Experience with tech- 
nology development, transfer, dual use, 
and export licensing. Available for tem- 
porary/permanent as manufacturers rep- 
resentative and for liaison with federal 
agencies and Congressional committees. 
BSEE, MEA, BSBMGT, PE, FCC license. 
Fax:703-684-6371. 

Box number 79B 

Ph.D in materials science, 15 years in- 
dustrial R&D, CVD/PVD, cutting tools, 
property/performance correlations; sev- 
eral patents, technical papers and pre- 
sentations, strong experience in leading 
and managing research teams, excellent 
written/oral communication and net- 
working to get the job done. Seeking 
challenging R&D opportunities. 

Box number 80B 

Physicist with ten years in R&D (Ph.D). 
Have designed and implemented instru- 
mentation systems including data acqui- 
sition and processing. Experienced with 
x-ray and gamma ray detectors and 
medical imaging. Fluent in C, Fortran, 
and BASIC. Skilled in MS-DOS, DEC/ 
VMS, and UNIX. Proficient in statis- 
tical process control and design of ex- 
periments including ANOVAand Taguchi 
methods. 

Box number 81 B 

Ph.D with 21 years in fluid and solid 
mechanics. Contributor, consultant, and 
technical leader with expertise in bear- 
ings, seals, rotor dynamics, FEA, tribology, 
thermal and stress analysis; development 
of analytical techniques, models, and 
codes. Excellent computer skills; many 
publ ications; cost savings success. Avai I 
able immediately; will relocate. Call 5 1 8- 
785-2329, 518-877-7093. 

Box number 82B 


Ph.D in mechanical engineering. Broad 
background: structural dynamics, finite 
element analysis, system control, and 
experimental instrumentation. Five years 
experience in vibration control, struc- 
tural/material testing, and experimental 
nondestructive testing. Current research 
in failure analysis. Three years teaching 
experience in graduate-level courses at 
NASA. Seeks R&D position in structural 
and vibration analysis. Salary and loca- 
tion open. Tel: 301 -270-4727. 

Box number 83B 

Ph.D, EE, MBA; 20 years experience in 
the creation and production of micro- 
wave and millimeter-wave systems. Ex- 
perience has ranged from design and 
development engineering, to scientific 
research, to management of technical 
organizations, both in industry and in 
international research institutes. Multi- 
lingual, international experience; seeks 
technical leadership position. 

Box number 84B 

BSME, MSCS, ten years experience in 
ballistics R&D and testing. I am looking 
for a position where I can utilize my 
education and experience in the com- 
bined fields of mechanical engineering 
and computer science. Much of my ex- 
perience has been in the automation of 
test data acquisition and data analysis/ 
processing. 

Box number 85B 

BSME with nine years experience in mili- 
tary electronic packaging. Experienced 
in surface mount technologies, printed 
circuit board design and manufacture, 
electrical harnessing and electronic en- 
closures. Technical supervisor of a di- 
verse work force. Seekingelectronic pack- 
aging position in product design and 
development. Prefer a growing company 
with the potential for personal growth 
and advancement. 

Box number 86B 

BSME, MS (energetics, fluid dynamics, 
atmospheric science). Six years: finite 
element stress analysis for static and dy- 
namic conditions. Fortran and Pascal 
computer model ing and graphics for heat 
transfer. Thermodynamics, combustion, 
fluid flow, and thermoelasticity analysis. 
Metro NYC and northern NJ areas. 

Box number 87B 

Experienced in managing technical/ 
manufactu’ ing organizations in both op- 
erational and program management en- 
vironments. Graduate degrees in engi- 
neering and business combined with 
exu-.ience in all areas of operations, 
including engineering, R&D, manufac- 
turing, quality, new product develop- 
ment, sales, marketing, and customer 
service provide unique ability to unite 
engineering and manufacturing. 

Box number 88B 


BSME from University of Rochester. 
Worked as production engineer for ma- 
jor steering wheel manufacturer and as 
technical consultant for private medical 
imaging company. Most recently, served 
as assistant manager in rental industry. 
Seeking management, consulting, mar- 
keting, and/or quality control position in 
stable, technical environment. Contact 
David: 516-924-2749. 

Box number 89B 

Ph.D in organic chemistry. Experience in 
failure analysis and characterization of 
plastics and elastomers, heavy in thermal 
analysis. Materials including metals, ex- 
plosives, coal, ceramics, and glasses. 
Quality control, R&D, management, and 
proposal writing. Interfacing with ven- 
dors, universities, and laboratories. Ex- 
cellent oral and written communication 
skills. PC literate. Toxicology course and 
some ES&H. 

Box number 90B 

Materials/process engineer with 1 3 years 
experience in materials, metallurgy, fail- 
ure analysis, analytical laboratory opera- 
tions. 2 years supervision. Versed in ISO 
9000, GMP, SPC. BS in metallurgy, PE, 
MBA. Seeking position in Midwest. Inter- 
ested in firm that is working on new 
products, possibly medical firm. 

Box number 91 B 

Versatile systems engineer, BS/MS/MSEE/ 
PE. Developed computer-controlled labo- 
ratory and semiconductor manufactur- 
ing systems, including hardware, firm- 
ware, and software for real-time equip- 
ment control, diagnostics, calibration, 
communication; memory fault identifi- 
cation/recovery methods; analytic and 
simulation process/tool models. Patents, 
publications. Taught math, controls, 
logic, mechanics. Effective as staff guru 
and development manager. 

Box number 92B 


Recent BAE with experience as machin- 
ist. Knowledgeable in aerodynamics, 
structural analysis, stability analysis, 
astrodynamics, and rocket design. Ad- 
vanced coursework in composite materi- 
als, computational fluid dynamics, dy- 
namic system simulations, and space pro- 
pulsion (electric, ion, and nuclear). Pro- 
ficient in the use of AutoCAD, FOR- 
TRAN, and BASIC; also NASTRAN, 
Matlab, and the simulation package 
ACSL. Willing to relocate worldwide. 
Box number 93B 

Qualified and motivated engineering pro- 
fessional, 20 years experience desires 
task order contract work; will travel but 
not relocate. Experienced in quality as- 
surance, RMA, electronic component 
engineering/radiation effects, failure 
analysis and corrective action for com- 
mercial, military, and space instrumenta- 
tion & guidance equipment. PC literate. 
Recent work on GODDARD GGS Pro- 
gram at Los Alamos. Tel: 505-983-1 305. 
Box number 94B 

Electronic engineer with 18 years expe- 
rience in design and development of RF, 
analog and digital circuits and commu- 
nication subsystems. MS in communica- 
tions engineering. Seeking full-time per- 
manent or contracted employments. 
Willing to travel and relocate. 

Box number 95B 

MBA, BSEE with 20 years experience in 
factory automation seeking hands-on 
senior management position. Managed 
engineers and technicians in a $50 mil- 
lion automation project. Defined and 
specified production automation projects 
delivered on time and within budget. 
Managed research group reduced back- 
log and improved performance. Created 
technical seminars. Developed business 
and marketing plans. 

Box number 96B 



To obtain resumes corresponding to the above 
Positions Wanted Ads, fill out this form and mail 
to: NASA Tech Briefs, 41 East 42nd St., New York, 
NY 1001 7. ATTN: Gregg McQueen, or call 1 -800- 
944-NASA and ask for Gregg McQueen. 

Send resumes for the following box numbers (limit 5): 

Box Box Box 


Box 


Box_ 


Name: 


Company Name: 

Street Address: 

City/State/Zip: 


To submit an ad for inclusion in this column, send a copy of your 
resume and a 50-word summary to: NASA Tech Briefs, 41 East 
42nd St., New York, NY 10017, ATTN: Gregg McQueen. 
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The Technology Connection 


To Advertise Call (800) 944-NASA 



Engineering, Scientific 
& Technical Software 


Free Catalog! 

Call 1.800.622.3345 

Software for Science is your 
source for the best value in 
engineering, scientific and 
technical software. 

More than 1 ,000 products. 

1 .312.472.0444 2231 N. Clytjoum Ave. 

1.312.472.0472 Chicago. IL 60614-3011 


Technologies for 
Transfer 


HANDWHEELS. 

1 

KNOBS & 
HANDLES 


^^frergens. 


0-101 Rated Manufacturer 
Telephone: 800/537-4367. Ext. 242 
Fax: 216/481-6193 


Professional Services 



.Meetings/Workshops 


MARK YOUR 

Calendar 


TECHNOLOGY 

2004 


ItLE .F|fT H ._NAJlQNAL 

Technology Transfer 
Conference a Exposition 

November 9-11, 1994 

WASHINGTON. DC COHVEHTION CENTER 

EPF W O RE INFORMATION ON 

EXHIBITING OR ATTENDING CALL 
WENDY JANIEL AT (800) 944-NASA . 


Inventions 


Biker’s Delight Signal Light 

A novel bicycle safety unit alerts traffic and pedestrians to a bicyclist’s 
presence. Tile rear of the bike is illuminated to warn approaching traffic 
and signal lights can indicate left and right turns. An adjustable mount- 
ing bar provides high visibility at great distances and can be suited to the 
needs of the rider. The 
practical, easy-to-use de- 
vice can easily be trans- 
ferred from one bicycle to 
another. It is the only bicy- 
cle lighting system de- 
signed for daytime use. 

Contact: John Izzo, Sr., 

S6 Richmondale Avenue, 

Westport, CT 06880. 

Tel: 203-227-78 IS. 
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The SummaSketch III Series is the next generation 
of the best selling tablet in the world. In fact, with over 
two-thirds of a million sold, more people sit behind a 
SummaSketch than any other tablet. But being the best wasn't 
good enough. We listened to your needs. Then we improved our 
4-button cursor, adding long-life switches rated at 10 million 
actuations. We increased accuracy and resolution. We even added a 
recessed area and overlay to hold templates and artwork in place. Some 
things didn't change. Like our unmatched software compatibility. Our 
lifetime warranty. Free offer for an AutoCAD" AutoMASTER" Template. 

Mouse, Windows'", Wintab and protected mode ADI* drivers. And the 
industry's easiest set-up. No dip switches, no complex configuration 
software — just plug in SummaSketch III and go to work. Thanks to you, 
the best tablets in the world are now even better. See for yourself. 

Call 1 - 800 - 729-7866 for information or the name of your local dealer. 


We made 
SummaSketch 
the best. 
You made it 
better. 


Introducing 
SummaSketch III. 


Surmagraphics 


n mniim 

1 8" x 12" size 

Unmatched compatibility Free Template offer 
Long-life switches 


© 1 993 Summagrophics Corporation. All rights reserved. For More Information Write In No. 672 
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Gould shrinks the best of recording 
systems into a space not much big- 
ger than this page. Introducing the 
TA11 Recording-System Portable. 
The first system that brings 4, 8 or 16 
channels of conditioning, monitoring, 
capturing, storing, recording and 
communicating down to a portable 
size. At a very economical price. 



Measuring just 14"W x 16" D x 
7 3 fe"H and weighing approximately 
28 lbs., the rugged TA11 features built- 
in, programmable signal conditioning 
suitable for most of your industrial appli- 
cations, plus a unique 11 " chart. 


For easy operation, we’ve 
included traditional, push-button 
recorder controls for basic functions. 

A flip-up LCD panel with proven 
touchscreen technology provides 
straightforward setup and control of 
advanced functions. It also minimizes 
paper waste by allowing you to set up 
and monitor traces without running 
the chart. And because it displays 
in real time, you can work more 
efficiently, viewing slow-changing 
signals as they occur. _ _ _ _ . 

TheTAII takes 
flexibility even 
further with multi- 
channel, logical 
OR triggering for 
capturing tran- 
sients. It also 
offers two levels 
of waveform cap- 
ture memory for 
up to 8MS of total 
memory. Allo- 
cate it to all 16 
channels, and 


you can have up to 512kS per chan- 
nel. And for storing data and setups, 
there's a built-in RAM card. 

Once again, Gould puts its 
expertise to work for you, condensing 
high-performance recording system 
capabilities to create a whole new 
class of instruments. Starting at under 
$10,000. Call Gould at (216) 328-7000 
for details, or for immediate response, 
complete the FAST ACTION FAX and 
send it today. 
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Yes! 

(Please print) 

Name: 

Title: 


FAST ACTION FAX (216) 328-7400 

□ Have a Gould Representative call me to arrange a demonstration 

□ Rush me a free TA11 technical brochure 

□ I’m interested in Gould's convenient rent-to-own plan 


Company: 

Street: 

City: 


. State: . 


. Zip: . 


Telephone: ( ) 

FAX or mail coupon/ photocopy (you may affix business card) to Gould Inc . 
Test and Measurement Group. 8333 Rockside Road. Valley View. OH 44125 


For More Information Write In No. 481 


